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TABLE l .  Rad ionuc l ide  inventory  o f  T l t l l -2  on  Ju ly  31 ,  1980

inges t  ion inha la t  ion

nucl ide h a l f - l i f e
(years )

inventory
(cur  ies  )

dose po ten t ia l  < iose  po ten t ia l ,
convers ion  popu la t ion  convers ion  popu la t ion
fac tor  dose fac to r  dose
( rens /cur ie )  (person- rems)  ( rens /cur ie )  (person- rerns)

H ‐5     1 2 . 3

Fe‐55       2.7

Co-60       5,3

Ni-63     100.

Sr‐90      28.1

Sr‐89        。 14

Ru‐106       1.

Sb‐125       2.7

Cs-134      2.1

C s‐1 3 7      3 0 .

U‐235     7x108

Uo2S6   2.3x107

NP‐257   2.l x 106

U‐238   4.S x 109

Pu‐239    24,390

Pu‐ar0     6,537

Am‐241      433

3,800

29,000

500,000

10,000

790,000

90,000

1,300,000

42,000

220,000

880,000

3.5

4.1

1

1 8

7 , 9 0 0

2 , 2 0 0

2 2 0

1 . 2 6  x  l o ?

4 . 4 3  x  1 0 2

4 . 7 2  t :  L O 3

4 . 3 6  r :  1 0 3

1 . 8 6  x  1 0 6

8 . 8 4  r : 1 0 3

3 . 4 8  x  1 0 2

4 . 0 5  r : 1 0 2

1 . 2 1  r : 1 0 5

7  . 1 4  t : 1 0 4

4.86  t :  lO2

4.96  t : ,  I07

5 . 5 7  r : 1 0 4

4 . 5  x , 1 0 2

6 . 4  r :  1 0 4

6 . 3 9  r  1 0 4

5 . 4 6  r  1 0 4

4 . 8  x  1 0 5
1 . 1  x  1 0 7
1 . 4  x  1 0 9
4 . 4  x l 0 7
t . 5  x  t o l 2
7 . 9  x  1 0 8
4 . 5  x  1 0 8
1 . 6  x  1 0 4
2 . 6  x  1 o 1 o
6 . 3  x  l o l o
1 . 6 x 1 0 3
2 . 0  x  1 0 3

5 . 5 7  x  1 0 4
8 . 1  x  1 0 3
5 .  x  l o 8
1 . 4  x  1 0 8
t ,2  x  L07

L . 2 6  x  1 0 2

4 . 9 1  r  I o Z

1 . 8 5  x  1 0 3

l . 8 l  x  1 0 3

7 ,62  x  l0S

1 . 0 9  x  1 0 3

1  . 0 9  x  1 0 3

3 . 6 5  x  1 0 3

9 .  l 0  x  1 0 4

5 .  3 5  x  1 0 4

1 . 2 1  x  1 0 6

L , 2 4  x  1 0 6

1 . 3 9  x  1 0 8

1 . 1  x  1 0 6

1 . 6  x  1 0 8

1 . 5 9  x  1 0 8

1 . 3 6  x  1 0 8

4 . 8  x  1 0 5
1 . 4 3  x  1 0 7
5 . 6  x  1 0 8
l . 8 l  x  1 0 7
6 . 0  x  l o 1 1
9 . 8  x  1 0 7
1 . 4  x  1 0 9
1 . 5  x  1 0 8
2 , 0  x  l 0 l 0
4 . 7  x  1 0 1 0
4 ,  x  1 0 6
5 .  x  1 0 6
1 . 4  x  l 0 B
2 .  x l 07
1 . 3  x  1 0 1 2

. l  x l o l 2

. 0 3  x  1 0 1 2
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|.  RegidentS Of TMI
Area, Primarily

―   Within ■ 5 11i=es

Telephone Survey
of Residcnt in the
TMI Area

Tho Credibility of

GoV● rnmcnt

Officials in the

Aftermath of trMI

Demographic and

Attitudinal

characteristics

of TMI

Ewacueess

-2-

Methodoloqv

Structured
Interview,
Careful ly Drawn
Itandom Sample

n =  1500
Tlne: i luly 23-August 6

luthor: FI1tqn,,

General Populat ion
of TMI Area,
!{others of Young
Chi ld ren .  T l l I  Area ,
$tothers of Young
Chi ld ren ,
l{ i  lkes-Earre

Tl.ne: June-JuIy
Author: Goldsteen

Adult Populaeions
of i l iddletown,
i ' lar letta and
ELizabcthtown

Time:  F i rs t
Week of
Apri l

Author: Kraybi l l

Structured
Ouestionnairet

n rs  fo r  each
sample :  194.
4 2 8 ,  3 6 8

ヨhono Survey,
Randon SamPle

n= 290

,

SUMHARY OF COM,LETED STUDIES

Methodologv

SunrnarY of Findings'

Considerable amount of stress and
upset lmnediately after the accident
and cont inu ing  dur ing  t ime o f  s tudy
(sur r rner ,  1979)  .  Loca l  In fo rmat ion
sources  (med ia  and o f f i c ia ls )  were
nos t  t rus ted .  Approx imate ly  ha l f  o f
respondants r* 'ere not sacisf ied with
in fo rmat ion .  Sat is facL ion  inc reased
with increasing distance from Ti ' t I  .

Very  cons iderab le  d is t rus t  o f
government  o f f i c ia ls  and u t i l i t y
company statemencs concerning safety,
the true nagnitude of the Problem, et '

Younger people more l ikely to eqacuatt
Proximity-to TMI also a factor,
peop le  I i v ing  c loser  more  I i ke lY .
to leave.

Evacuees ielt  msre negative. than
non-evacuees about TMI, rruclear
pohre-r, etc.

t -
L l t t le  fa i th  in  in fo rmat ion  g iven
about accident. In general,  approVal
ra tes  run  about  501.

Summary of Findings

目

と

中

AdolescenEs in the
Tl,t I  area ( junior and
senior high school
s tudents )

Time: l'lay
Author :  Bar t le t t

Res idents  o f  Car l i s le r
Ch i ld ren  and Adu l ts

Tlme: Apri l-SePtember
\ ' r thors  Bechte l

'  lear Workers 合

ゎ■ THI and

PcachbottOm

Time:  AuquSt

AuthoF=  Dohrenwend

Reactions of
Adolescents to the
Three Mi le  Is land
Nuclear Fower
Plant EmergencY
(Report Prepared
f o r  P r e s i d e n t ' s
Conmission)

S o c i a l  a n d '
Psychological'Sffects 

of Tlt I

Psycho-social
A f fec ts  o f  TUI  on
Nuclear Power
Plant Workers

Structured
Quest ionna i re

n = 6 3 2

open-ended,
Anthropological
In te rv iews

n = 5 0 0

Structured
Quest ionna i re

r:eport on behavioral effects to
on th is  l l s t  were  AIso  repor ted

Af fec t i ve  domains  measured.  Order ing
as  fo l lows (h igh  to  l ' ov r ) :  concerned,
wor r ied ,  d is tu rbed,  anx ious .
Psychosomat ic  symptoms a iso  meast l red .
Repor ted  overa l l  symptoms:  headache
2 3 t ,  l o s s  o f  a p p e t i t e  l 8 t ,  i n c r e a s e d
e p t i n g  1 3 t ,  o t h e r s  a t  l e s s  t h a n  I 0 t .

OnIy  cursory  da ta  ana lys is  i s
ava i lab le .  Ev idence suggests  a  lo t
of stress arnong populat ion.

In  genera l ,  workers  had more  t rus t  in
p lan t  o f f i c la ls  than d id  the  gencra l
popu la t ion .  The i r  t rus t  in  o ther
p u t r i i c  o f t i c i a l s  m a t c h e d  t h a b ' o f  t h e
general populat ion. Tl l I  r ,rorkers were
more  demora l i zed  thaq Peachboctom
workers ,  [e rhaps  as  a  resu l t  o f  pub l i<
a t t i tudes .  t tn l i ke  genera l  popu lAt ion ,
denora l i za t ion  d id  no t  re tu rn  to  norm.

rThis study is part of the technical staff
The f indings of sone of the other studies
Corunission Report.

the  Pres ldent r  s  Commiss ion .
i n  t h e  P r e s i d e n t r s

解
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Erpl icat ions of completed Research

l. present research indicates that the Tlt I  accident. led to a conslderable amount of stress among
the populat ion. I t  is important to nronitor the longer term,effects of that stress as they
re la le - to  nenta l  hea l th ,  the . ray  peop le  behave,  and the i r  a t t i tudes  tovrards  po t i t i ca l  and soc ia l
i ssues .  ! 'he  da ta  a lso  ind ica te  tha t  s t ress  and i t s  e t ' fec ts  $ ras  no t  un i fo rm across  a l l  sec tors
o f  the  popu l -a t ion .  Thus ,  d i f fe ren t ia l  s t ress  e fEec ts  on  var ious  groups  (young,  o ld ,  mothers ,
power  p lan t  L 'o rkers ,  e tc . )  must  t 'e  taken in to  account .

2. The daia indicate a good deal of nistrust of inforniat ion that was given out during the Ttl I

accident..  lh addit ion, local infornation sources seemed to be more trusted than other sources.
ft  would be extremely useful i f  the dynamics of "tEusc in information" among the poPulat ion
could be sturi icd. These studies should'be done for the purpose of determining how informarion
abouE Tl. l I  could be transnitted to people in an eff icient, accprate and bel ievable manner.

3. Evacuatl .on behavior Ls not consistent across al l  social or geographical sectors of the
;:opulat ion. I t  l rould be useful to know nore about this phenomenon so that appEoPriate and.
t imely evacua:ion can be carr ied out '  r .rhen necessary. Non-evacuation or premature evacuation
can ciuse serlous problenrs. Studies should be conducted which would lead to minimizing such
behavior.

7. Adults (Taxpal,gr '
l , ist l  in ! ;ewberry
Township

I ime:  Apr i l
Author: Newberry

'Townsh ip

Soard of
Supervisors

A.  Adu l ts  in

- 
lllddletown

?ine: Fl.rst 3
Weeks of
Apri l

Author: Snith

Newberry Township
Study !  Nced For
Hea l th  l ton i to r ing
Study

Voluntary
Wlthdrawal From
TllI nrea Arnong
Res idents  o f
Midd le town

-3- .

l,tethodology

Telephone Survey,
Closed-end
Quest ionna i re  and
E l i c i t a t i o n  o f
Spontaneous
Responses

Structured Phone
fnterviesr, 123
Respondents
Systematic Sample

」“
α
Ｌ

＜

Summary of Findinqs

St rong Ln teres t  in  hea l th  mon i to r ing
pro jec t ,  assurances  o f  sa fe ty
notw i ths tand ing .  Be l ie f  in  Pres ident
Commiss ion  Repor t :

Yes     llo

Complete    131     491

Truthfu1    25も 1 2 1

3 0 8Factual 303

Evacuation seems 'relatedl to faith in
in fo rmat ion  g ivers .  Those who
evacuated  had leas t  amount  o f  fa i th
in . those who gave in fo rmat ibn  about
the  acc ident .
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Additional studieg       ti

ln additiOn to the Studics listed abovど , other studies were done which for methodological
reaSOns are highly susPcctedo  DeSCriPtiv●  tit■ es of these studics are listtd here in order

, it0 01Ve P sense of ll, tiIPe早  。f iS■ 半eS thal peoPle saw fit tO Study.

1.  ttiliZati6■  ●f Hental Health Serviceis during th●  Four Months After THェ .           ‐

2. i s:景

y 晋:]:it'io:営 it:1.'Pmald f°
r the Early Childhood・ Intervention Program at        i

3.  ERergency よoon utilizatio■ 卓uring the TMI Aftermath.

4.  The Effects of TMI on the Attitudes, Behavior and Adaptiv●  o Coping in
Young children.

-5 -

Bibl ioqraphical -Info{Tation on
ComPIeced Stud ies

Bart lett ,  G.S. Reaction of Adolescents to the Three MiIe Island Nuclear PIanC Emergencl ''  
(Repor t  p repared fo r  the  Pres iden! ' s  Commiss ion  on  the  Acc ident  a t  Three Mi le

is f 'ana l )  
-  

l l e ishey  l , led ica l  Center , ,  Depar tment  o f  Ped ia t r i cs  and Behav io ra l  Sc ience,

i i ig  t iommiss io i r  nepor t  ava i lab le  th rouqh :he  U.S.  covernment  Pr in t ing  Of f i ce) .

Bechte l .  D .R. ,  Kassov ic .  J . ,  Kassov ic ,  M.  and l4a lmshe iner ,  L .  The React ion  to  the

Reactor  Acc ident  -  A  Genera l  Popu la t ion  Study ,  Unpub l ished t lanuscr ip t ,  DePar tment
o f  Re l ig ion ,  D ickenson Co l lege,  Car l i s le '  PA,  ,1979.

Dohrenwcnd,  B .p .  e t  a l .  Repor t  o f  the  Task  Group on  Behav io ra l  E f fec ts  to  the  Pres ident ' s- - - - - -C"mni is iJn  
on  the  Acc ideng a t  Three Mi le  Is land,  1979 (Conmiss ion  RePor t  ava i lab le

th rough Lhe U.S.  Government  Pr in t ing  o f f i ce)  '

F lynn ,  C,B.  Three F t i le  Is land Te lephone Survey :  Pre l im inary  RePor t  on  Procedures  and- - '  
i i t rd ing . .  l tour . ta in  wesc  Resca lch  Inc . ,  ieaCt Ie ,  1979 (NRC Conf - rac t  f l01-78-L921.

G o l d s t e e n ,  R . ,  S c h o r r ,  J . K . ,  a n d  M a r t i n ,  J .  T h e  C r e d i b i l i t y  o f  G o v e r n m e n t ' a n d  U t i l i t y

Of f i c ia ls  in  the  Af te rmath  o f  Three l t i l e  Is tand.  Paper  read a t  the  Annua l  I ' l ee t ing

of  tnu  pennsy lvan ia  Soc io log ica l  Soc ie ty ,  Un ivers i ty  o f  PA,  November  2  -  3 ,  L979.

Xrayb i l1 ,  D .8 . ,  Buck ley ,  D. ,  and Zmuda,  R.  Demograph ic  and At t i tud ina l  Charac ter is t - i cs  c i

TMI  Evacuees.  iupor ' read a t  the  Annua l  l . lee t ing  o f  the  Pennsy lvan ia  Soc io log ica l

Scc ie ty ,  Ur r ivers i ty  o f  PA,  l ' Iovember  2  -  3 ,  I9?9 '

Ncwber ry  Townsh ip  Board  o f  €uperv isors  Newber ry  Townsh ip  S tudy  on-Need fo r  HeaI th

l , lo i r i to r ing .  Address  o f  board :  RD Z,  E lox  4 ,  York  l laven,  Pr \  17370.

Srn i th ,  M.H.  The Three Mi le  Is1and Evacuat ion :  Vo lun tary  Wi thdrawal  f rom a  Nuc l€ar
power  p lan t .  t f r ie i t . -  Unpub l ished l4anusc : r ip t ,  Depar lment  o f ' soc io logy  and
Anthropo logy t  Long Is land Un ivers i ty ,  1 .979 '
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APPENDIX Bo  COMMISS10N8s sTATEMENT OF POLICV AND NOTICE OF INTENT
TO PREPALRE A PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT

St Lrilnt of Polcy md lo$c| ot
Intant To ?r.9||t r P?oglrnm|dc
Envhonnrntd h|9*i Strt|mfit
aofiCY: U.S. Nuclear Regul8tory
Commiarlon.
acttot Ststement of Policy.

lrren: lte Nuclear Regulatory
Comrairaion har decided to pr€pare a
programmatic environmental impact
ltaten€nl on the decontaninalion and
diaporal of radioactive warter relulting
from the March 2& 1g?9 accident Et
llute Mile lrland Unit 2, For aome time
the Conminion'r stafrhaa been moving
in this direction. ln the Commiaaion'a
iudgment an overall atudy of the
decontamination and diapoaal proceae
will aaeiot lhe Commiesion in carrying
out its reculatory reeooneibilitlea underout ita regulatory responribilitlea
the Atomic Enersv Act to DrotectEnergt Act to protect lhe

th and rafety orpublic health and rafety or
decontamination DroqnesBeion progreaaea, lt will aleo

with the oumogea of thebe in keeping witf, the purpoeea of the
National Environmentel Policy Act toPclicy Act to

The development of a programmatic
impact atatement will not preclude
prompt Commisaion action when,
needed. The Commiasion doer
r€co8nize, however, that as with itg
Epicor-Il approval action, any aotion
taken in the abeence of an overall
impact Btatement will lead to ar3umeots
that there haa been an inadequale
environmental analyaie, even where the
Commiseion'a action itaelf is oupported
by an environmental aaeeaement. As in
rettling upon the scope of the
protrammalic impact statement, CEQ
can lend aeeietance here. For example
ahould the Commieaion before
completing ile programmatic staiement
decide that it i8 in the beat interest of
the public health and safetlr to
decontaminale the high level waste
water now in the containment building,
or to pu3e that buildinS of its
radioactive gaaee, the Commieeion will
conelder CEQ'a advice aa to the
Comrniesion'a NEPA reeponsibilitiea.
Morrover, ar atated In the Commiseion'g
Mey 25 stetement, any action of this
kind will not be taken until it has
undergone an environmentai review,
and furthermorc with opportunity for
public comment provided.

However, con8istent with our May 25
Statement, we rccognize that there m8y
be emergency situ&tions, not now
forcseen, which ghould they occur
would require rapid actlon. To the
extent practiceble the Commiaeion will
conault with CEQ in these eiluations aa
well.

With the help of the publiia
commentg on our propoaale we intend to
a88ru?, purruant to NEPA and the
Atomic Energy Act, thal the clean-up of
TM-2 ie done consistently with the
public health and rafety, and with
awarenerr of the choicee ahead. We are
directing oru etaff to include in the
programmatic environmental impact
ltetement on the decontamination and
diepoeal of TMI-2 wsetes an overall
deacription of the planned activities and
a achedule for their completion along
with a diacugeion of atternatives
conaldered and the rationale for choicea
msde. We are abo directing our staff to
keep ul advieed of thelr progreoo in
these metterr.

Dated at Waahington, D.C. this Ztet duy of
November 199.

For the Commlselon.
9rmucl l, Gbt\
Secrctory ol the Commiesion,
lff DE. tg-$an nht n-tt-* e$ .hl

.|utm cooc trl{r{

engage the public in the Commieeion'g
decieion-making process, .rnd lo focue
on environmental igsuee and
altemativeg before commitments to
apecific clean.up choicee are made.
Addiiionslly, in liSht of the
extrsordinary nature of thlo action and
the expreued intercet of the Preaident'e
Gouncil on Environmental Quality in the
TMI-2 clean-up, the Commleeion intende
to co-ordinate ite action wlth CEQ, In
Pqrticular, before determining the acope
oI the programnatic environmental
imprct stetement the Commiseion will
coneult with CEQ,

The Comrnheion recognizee that there
are still ar€ar of uncertainty rcgerding
the clean-up operation. For example, the
preciae condition of the renctor corc ie
not known et thir time and cannot be
known until the conleinment haa been
entered and lhe reactor verrel hae been
opened. For thir reacon, it ie unrealietic
to expect lhat the programmetic impect
rtatement will 3ewe a. ! blueprint
detailing each and every atep to be
taken over the coming montha and yeara
with their lilely inpectr. That the
planned prcgrammatic 1i31smsn1
inevitably wlll have gapr and will not be
a complete gulda for ell futura actionr
doee not inval'iiate itr usefulnesr ar a
plonning toot. Ar nore iaforaatlon
becomeo a',allable lt will be
lncorpora"ed into the decklon-making
ptocese, and where appropriste
gupplemenls to thr: proSrammatic
environmental funpact ttatement will be
iesued. As lhe dect'nlamination of TMI-
2 proStesset ihe Cornmieeion will make
any new informalion evailable to the
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０
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Ｆ
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０
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０
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０
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∽
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０
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０
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０

と
の
●
Ｌ
Ｏ
　
”
　
け
Ｌ
，
っ
。
ｏ
Ｌ
　
や
↑
コ
０
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０
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Ｏ
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０
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０
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０
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０
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０
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０
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５
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岳
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０
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ｉ
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０
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Ｌ
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ｏ
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Ｏ
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０
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０
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０
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Ｓ
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５
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ｒ
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０
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０
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０
　
●
０
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０
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０
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０
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０
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Ｏ
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０
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．
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０
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０
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０
０
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０
　
●
ｏ
，
≡
っ
　
ｏ
こ
一

世

増

≡

ｉ

ｏ

ち

■
岩

Ｓ

●

も

コ

ど

巾

ｃ
，

留

言

協

よ

ま
〓

■
増

ョ

Ｌ
Ｏ

．
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０
３
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Ｏ
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０

５
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８
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０
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０
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０
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０
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０
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０
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０
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０
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０
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０
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Ｅ
っ
一
。
一
　
●
　
〓
。
っ
ｏ
Ｌ
〓
一

協

＆
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Ｆ
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０
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５
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岳
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Ｓ
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２
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．
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Ｓ
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ｆ
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Ｐ
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ｇ
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０
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３
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Ｆ
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岳
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岳
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０
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ｐ
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Ｏ
ヵ
讐

〓
　

Ｅ
Ｏ
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０
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０
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０
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０
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ｏ
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Ｂ
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冒
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岳
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０
２
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０
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２
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Ｐ

増

―

も

Ｌ
ｔ

ｔ

”
≡

何

増

■

リ
コ

営

．
Ｓ

Ｐ
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０
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０
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０
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０
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３
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Ｆ
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５

０

営

や

モ

何

，
●
，
享

，
一
０
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０
０
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０
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０
０
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０
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０
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０
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０
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０
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０
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０
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０
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０
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０
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Ｆ
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０
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岩
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Ｏ
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０
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０
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３
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Ｆ

Ｏ
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Ｆ
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Ｘ
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０
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０
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０
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０
こ
や
　
」
ｏ
　
。
Ｃ
ｒ
や
”
０
〓
　
〓
０
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０
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０
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Ｏ
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０
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＆
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０
，

■

宅

出

中
０
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Ｓ
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Ｏ
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０
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Ｓ
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８
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０
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０
，
”

ｏ
Ｏ

わ
ｏ
〓

コ
ｒ
ョ
０
０
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０
０
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０
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０
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Ｏ
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０
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Ｃ
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４
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５
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ｇ
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５
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３
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．
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０
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０
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０
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０
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０
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０
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０
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０
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０
口
Ｏ
Ｌ
　
０
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０
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０
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Ｏ
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Ｏ
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０
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０
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０
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ｇ
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０
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０
　
．●
ｏ
，や
０
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０
０
つ
Ｏ
Ｅ
，っ
ぃ
ｏ
　
ぃ
ｏ
一
　
」
」
０
つ
の　
０
〓
卜
　
　
．ま
り
０
つ
の　
や
０
０
」
，０
一
【　
０
〓
，　
Ｌ
Ｏ
い　
Ｌ
「
０
０
０

ｏ
，

コ
０
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０
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ｉ
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０
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０
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０
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０
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０
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０
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ｆ
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Ｓ
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Ｓ
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Ｆ
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Ｓ
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０
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．
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Ｏ
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５
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．〓

，

と

２

営

畳

ｏ

■

２

，

８

３

写

岳
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５
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０
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０
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０
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０
０
ｒ　
Ｏ
こ
，
　
い
。
　
や
〓
０
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０
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０
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０
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０
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０
つ
い
　
ｏ
■
，

，
７●
ョ
　
”
●
一
つ
　
を
Ｏ
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０
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Ｏ
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０
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０
　
●
ｏ
ｆ
，
”
ｒ
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ｏ
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０
３

口
埼

る

，

，

営

冒

と

０
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Ｆ
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０
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２
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冒
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５
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岳
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０
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ｇ

Ｏ
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５
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０
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３
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０
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．
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０
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０
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０
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５
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０
Ｓ
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０
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０
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．
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０
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０
　
０
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０
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０
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０
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０
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ｏ
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０
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０
　
０
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Ｏ
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０
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０
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０
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０
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P'ND 0F THE

E.I THE YORK HAVEN POND FISH COI.T,IUNITY

Fifty-six species of f ishes were recorded in York Haven Pond during the period L974'L978.1'2
Catches by seine, trapnet, and electrofisher have shown the most. abundant were spotf in shiner,
spottai l  shiner, tessellated darter, sunfishes (redbreast, pumpkinseed), rock bass, smallmouth
bass,  channel  cat f ish,  qu i l lback,  carp,  wal leye,  b lack crappie,  whi te  crappie,  whi te  sucker ,  and
bluntnose minnow.l Some species show patterns of abundance or distr ibution that correspond vJith
prefemed habitat or spawning period.2 For example, the re' lat ive abundance of sunfishes and
smal lmouth bass (especia l ly  juveni les)  is  greater  in  the east  channel  (F ig.  E.1)  than in  other
aneas studied in the York Haven Pond, perhaps because of the shallow, slow-moving nature of the
east channel and to the food resources that are abundant there.

York Haven Pond f ish larvae f irst appear in mid- to late Apri l  with peak densit ies occurring
about one month after the f irst larvbe are taken, general ly late l4ay to mid-June.3'4 The most
abundant species have been carp, spottai l  shintrr, spotf in shiner, qui l lback, channel catf ish,
pumpkinseed/b luegi l l ,  tessel la ted dar ters ,  and banded dar ter .  In  1978 and 1979,  respect ive ly ,32
and 30 total species were recorded during ichthyoplankton sampling. Genenally, larval densit ies
have been highest in the east and west channels. Carp, quil lback, and tranded darter have been in
relatively high abundance in the center channel along the western shore of Three Mile Island.

An annual tagging program has been used to study the movements of York Haven Pond f ishes since
1974.3'{ l , lost recaptures of tagged f ish have been within York Ha.ven Pond (bounded by Fall  and
Hi l l  is lands to  the nor th and Red Hi l t  and York Haven dams to the east  and south--F ig.  E.1) ,  and
a't l  the species studied have exhibited movements upstream, cloyrrr lream, and across channels within
the pond. Fishes alsc have moved out of the pond both upstt 'eam beyond Fall  Island and dovrnstream
over the York llaven Dam.2'4 l'lovements out of the pond have been most frequent among smal'lmouth
bass, rock bass, and walleye. Oownstream movements have been ta within a few ki lometers of the
York Haven Dam. Upst,ream movenpnts have been primari ly within the river proper, but movements
into tr ibutaries (Swartara Creek, Juanita River, west branch Susquehanna River, Chenango River)
a1so have occurred. Upstream angler recaptures of tagged smallmouth bass and rock bass have been
'principally in the r iver between Fall  Island and Hamisburg. Most wal ' leye recaptures have been
in the river near Sunbury, Pennsylvania, about 105-107 km upstream from Tl4I, although a few
walleye have been taken in the Susquehanna River and the Tioughnioga River in New York State
(428 km and 468 kar distant, respectively).

Food Habits of York Haven Pond Fishes

The predominant source of food for the f ishes of York Haven Pond is the bottom invertebrate
community, primari ly aquatic insects, crayfish, and amphipods (scud). 0ther categories of food
i tems are f i lamentous a lgae,  det r i ta ' l  mater ia l ,  o l igochaetes (aquat ic  wor"ms) ,  mol luscs (sna ' i ls ) ,
and sma'lI  crustacean species (copepods, ostracods, cladocerans). Fish also serve as a food
source, but are secondary to the invertebrates, except for walleye, which is a str ict carnivore
o f  f i shes .2 -7

The basic  food web of  the f ishes is  s impl i f ied in  F igure E.2 in to categor ies of r reater  t .ypes ' l
based upon the food organisms that predonninate in stomachs of the species studied. Most of the
f ishes 6at  a  wide var ie ly  of  organisms,  but  usual ly  a  few types (e.9. ,  crayf ish)  or  groups (e.9. ,
insects) dominate the diet.

The next and highest l ink jn the food web of York Haven Pond is man, through the recreationa' l
f i  shery.

E-1



E‐2

F' igure  E.1 .  York  Haven Pond o f  the  Susquehanna R iver  Showing the  Locat ion  o f
Three Mi le  Is land ,and the  Nuc ' lear  S ta t ion ,  the  Genera l i zed  F low
Pat te rns  in  the  Channe ls  and over  the  Darns ,  and ' r ,he  Per iphera l
Fac i l i t ies  tha t  Cont r ibu te  to  Use o f  the  Pond by  F ishermen and
Boaters .
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F i  sher ies

The recreat ional f isheries of the Three l , l i le Is land vicini ty have been studied since 1974.2'7

Angler creel surveys have been conducted on two weekend days and two weekdays per month in four
areas near Three i l i le Is land: the York Haven Pond ( including the waters of the east,  center,  and
west channels from Fal l  and Hi l l  is ' lands at the north to Bashore Is land and the York Haven Dam at
the south--Fig. E.1);  the Red Hi l l  Dam; the York Haven Dam; and the York Haven Generat ing Stat ion
(hydroelectnic) tai l race. Fishing at the Red Hi l l  Dam, York Haven Dam, and in the tai l race area
occurs on the donnstream sides and thus is not within the pond formed by the York and Red Hi l l
dams. Data on recreat ional f ishing in the Tl{ I  v ic ini ty (at aI l  four survey areas) during L974'L979
are  g iven in  Tab le  E .1 .

Table E.1, vi:|;甘
ijeifof‖liCi3'1li3,3aFttshing in

Year Angl ers
Fish

Caught

ｈ

ｔ

Ｓ

Ａツ

●ｌ

ｅ

Ｆ

Ｋ

Houns
Fi  shed c/eb

1979

1978

1977

1976

1975

1974

13,962

14,089

7,791

12,265

11,287

10,837

29,396

27,976

12,089

19,992

16,253

15,714

7,306

9,490

5,341

6,623

8,578

7,044

24,546

27,992

14,773

21,341

21,220

19,940

1920

1,00

0.82

0,94

0,77

0。79

aBased on data from four survey areas: York Haven Pond, Red Hil l  Dam, York Haven Dam, and
York Haven Generating Station. (From: G.A. Nardacci and Associates, "An Ecological Study
of the Susquehanna River near the Three Mile Island Nuclear Station, Annual Report for 1979,"
Ichtyo logica l  Associates,  Inc. ,  Et ters ,  PA,  Apr i l  1980.)

bc/e = catch/effort, or the numben of f ish caught divided by the number of hours f ished.

The most  f requent ly  caught  spec ies  have been smal lmouth  bass ,  channe l  ca t f i sh ,  wa l leye ,  rock
bass ,  sun f ishes ,  carp  and suckers .  The bu1k  o f  the  harves ts  in  the  pond dur ingL9TT and 1978,
respect ively,  were smal lmouth bass (44% and 51X), channel catf ish (25% and 13%), sunf ishes (15%
and 14%), and rock bass (15% and 9%).

Smal lmouth  bass ,  rock  bass ,  and sunf ishes  (p redmoninant ly  b lueg i l l ,  pumpk inseed,  and redbreas t )
have been caught in greater numbers in the pond than below ei ther dam or in the tai1race, a ' l though
smallmouth bass frequent ly are taken in al l  survey areas. l . la l leye are c mmonly taken below the
dams and at the tai l race area but have been caught infrequent ' ly in the pond, based on creel
surveys. Channel catf ish have been caught relat ively infrequent ly at the east dam, but have been
common in other areas surveyed, with the most caught jn the tai l race area. The pond has accounted
for  about  36% and 31 jU o f  a l l  f i shes  caught  in  the  v ic in i ty  dur ing  1977 and 1978,  respec t ive ly ,
for 29' f4 and 40% of the total  anglers, and 29% and 44?i,  of  the total  hours f ished. Overal1, smal l-
mouth bass catches have been greatest dur ing l , lay-June, rock bass during May, channel catf jsh
dur ing  Ju ly ,  wa l leye  dur ing  May,  and sunf ishes  dur ing  June-Ju1y .

F ish ing  loca l i t ies  w i th in  York  Haven Pond are  ind ica ted  by  the  p laces  o f  ang le r  recaptures  o f
tagged f i shes .  The concent ra t ion  o f  recaptures  in  spec i f i c  a reas  cou ld  be  re1ated  to  ava i la -
b i l i t y  o f  f i s h e s  a n d  n e a r n e s s  t o  a c c e s s  f a c i l i t i e s  ( F i g .  E . 1 ) .
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E.2  THE CONOWINGO POND FISH COMMUNITY

The common f ishes in Conowingo Pond are the gizzard shad, white crappie'  channel.cat- f- ish, blue-
gi ' l l ,  pumpkinseed and spotf in shiner.  The largemouth and smal lmouth basses and wal leye are
impor t in i ' spec ies  to  thL  recrea t iona l  f i shery , -a l though the i r  popu la t ion  abundance is  smal l
reiat ive to the commonly occurr ing species. f i t ty-six-species were-col lected from the pond and

tr ibutar ies during a ni-ne-year st ;dy'per iod (1956-1974). '  Some addit ional species and hybrids
have been introduced in planned stocking programs.

The g izzard  shad,  wh ich  was acc ident ly  in t roduced inL972,  has- increased in  abundance,  wh i le  the

whit icrappie has decl ined drast ical ly in recent years. The gizzard shad competes with the white

crappie for the same zooplankton fooi  resource. Two hybrids, str iped. bass X white bass and the

t igb;.  muskie, were introduced by the Pennsylvania Fish Commission during L977-L978 in an attempt
to control  t i re expanding gizzaid shad populat ion. Al though the mean.density of gizzard shad

voung dec1 ined in ' tgzz- ig ig ,  i t  j s  too 'e i r l y  to  g ive  unqua l i f ied  c red i t  to  the  hybr id  in t roduc-
i iJn-prog"am in br inging about this reduct io-n. The white crappie populat ion has not rebounded to

levels recorded in 1972 and pr ior years.

The common spec ies  (g izzard  shad,  wh i te  c rapp ie ,  channe l  ca t f i sh ,  pumpk inseed,  b lueg i l l ,  and
rpott in Jnind") are; idely distr i l iuted in thi  pond. Less common but impo.rtant game.species, such

a! wal leye an, i  smal lmoutt i  and largemouth bass, are more 
' l imited 

in distr ibut ion. The largemouth
bass is 

-more 
common in the lower part  of  the pond, whi le smal lmouth bass and wal leye are found

pt ir"r i fy in the upper part  of  thi l  pond, betwben Holtwood Dam and the l4uddy Run_Pumped.Storage
Ff"ni .  

'Ou"ing 
wint 'er,  the thermal plume produced by the Peach Bottom Atomjc Power Stat ion

( located at abiout mia- ionA) appears to be attract ing gizzard shad and, the' i r  predator,  the wa11eye.

0f the species studied in tagging experiments, white crappie -was the only one to exhibi t  an

obvious seasonal movement pat ienn-within the pond. In mid-spring, movement is general ly upstream.
Afproaching winter,  the *t t i te crappie move to the lower part  of  the pond and congregate at the

mouths of creeks.

Mater ia ' ls that are transported into Conowingo Pond and incorporated. in the food web may yl t imately
be removed,  in  par t ,  v ia  the  recrea t iona l  f i shery ,_ to  man.  The food hab i ts  o f  se lec ted  impor tan t
f i sh  spec i6s  i l i us t ra tes  the  var ious  pa thways  (Tab le  E .2) .

F i  sher i  es

The f isheries of Conowingo pond have been described from studies made jn 1958-1960,8 1956-1970,e

the winters of 1973 thro-ugh Lg77,Lo and the l3-month period from Augusl 1977 through August

1 9 7 9 . 1 1

Based on the studies conducted in 1958-1960, i t  was concluded that white crappie had the greatest

inf luence on the "ve"ige catch per effort  and result ing harvest. f rom Conowingo Pond..  .The crapp' ies

tmosi iy white crappieimade up 48-to 55 percent of. the catch duning the study p_eriod, r .he cat-

i i i te j j (channe l ,  i rh i t6 ,  b rown bu l lhead and ye l low bu l lhead)  eont r ibu ted  27  to  37  percent ,  and

ir . i i r t r , i r  iu ir .gi l l ,  pumpkinseed, rock bass, gre_en and redbreast) contr ibuted 6 to 16 percent.

oniv | t" ." 'othe-r spl .- ie i  const i tuted more t t ran 1p-e-rcent of the catch for any one year of the

i [u iv  per iod- -  smai lmouth  bass  (2 .6  p -ercent  in  1960) ,  la rgemouth  bass  (1 .5  perc -en t  in -1960)  and

v"i i "o*-p"" in <e.s p""."ni  in rgsd).  
'catctr  

per effort  for white crappie ranged from 0.49 f ish per
-hour  

in '1959 to  0 .27  f i sh  per  hour  in  1960.
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0bservat ions made in the period 1966-1970 indicated no substant ial  change in the nature of the
necreational fishery as had been described from the 1958-1960 study. Although no creel survey
was made in the 1956-1970 period, i t  was observed that most f ishing was done from smal l  boats in
shal low water along shore or from shore at a l imited number of accessib' le si tes. During this
period i t  was observed also that a substant ial  winter f ishery existed in the lower part  of  the
pond.

Results of the winter f ishery survey indicate that a total  of  18 species were caught during the
months of December through lifarch, with white crappie making up 91 percent ot the average winter
harvest (Table E.3).  Next in average relat ive abundance was the bluegi l l  at  7 percent.  The
other 16 species contr ibuted the remaining 2 percent of the average winter harvest.  The winter
catch per effort  (number caught per angler-hour) averaged 2.03 for al l  species combined and 1.85
for white crappie (Table E.4).  The est imated winter f ishing pressur 'e averaged 9202 anglers. 0f
the anglers intervievred, more than half  were from the Balt imore area, and most of the others
l ived within 15 mi les of Conowingo Pond. Winter angl ing was pr imari ly f rom shone (61 percent)
and through the ice (33 percent),  as compared with boatf ishing (5 percent).  The concentrat ion of
winter f ishing in the lower pond ref lects the movement pattern of whjte crappie as previously
noted.

The winter f ishery of Conowingo Pond was compared to the year-round f ishing through the creel
survey made over the l3-month period from August L977 through August 1978. Results indicate that
the winter angling from December 1977 through tlarch 1978 accounted for 11 percent of the effort
expended over the l3-month survey period. Angler-hours were est imated at 303,980 for the 13
months. The harvest rate ( f ish kept per angler-hour) was much hjgher during winter than during
the rest of the year.

For the 13 months, a total  of  5305 f ish represent ing 22 species and 2 hyhrids were counted in the
cree l  samples  (Tab le  E .5) .  0 f  those f i sh  caught ,  an  average o f  45 .5  percent  were  kept  ( i .e . ,
harvested).  Using the catch and harvest rates, the l3-month harvest was est imated to total
113,981 f i sh  we igh ing  25 ,381 kg .

l{hi te crappie and sunf ishes dominated the catch in the lower pond. The catch j :  the upper pond
was dominated by smal lmouth bass and channe' l  catf ish.

The ang ler  popu la t ion  was pr imar i l y  loca ' l  : "es idents  (42  percent ) ,  bu t  inc luded some Ba l t ' imore
area residents (25 percent).  The rest were about equal ly div ided between residents from distances
of  15  to  40  mi les  (17  percent )  o r  f rom d is tances  grea ter  than 40  mi les  (16  percent ) .

In  compar ison  w i th  the  recrea t iona l  f i sh ing  in  the  v ic in i ty  o f  T l4 I  (see  Tab le  E .1) ,  the  es t ' imated
number of f ish harvested in Conowingo Pond is 15 t jmes greate," than the six-year average value
for the TMI vic ini ty.  The hours f ished in Conowjngo Pond were 1i-r . t imes greater t l ran the six-year
average va lue  fo r  the  T l4 I  v ic in i ty .  The harves t  ra te  in  Conowingo Pond ( j .e . ,  number  o f  f i sh
kept  +  number  o f  hours  f i shed)  fo r  the  13- rnonth  survey  was 0 .38  f i sh /hour .  A  s imi la r  ca lcu la t ion
us ing  the  average va lues  f rom co lumns 4  and 5  o f  Tab le  E . l  ind ica tes  tha t  the  harves t  ra te  in  the
TMI  v ic in i ty  i s  0 .34  f i sh /hour .  Though the  harves t  ra tes  are  comparab le ,  the  spec ies  dominat ing
the harvests are di f ferent between the Conowingo Pond and the York Haven Pond. The Conowingo
Pond harvest is typical ly dominated by whi 'Le crappie (which contr ibuted 51 percent of the harvest
in the August 1977-August 1978 survey period).  In the York Haven Pond, smal lmouth bass was the
dominant species harvested i+the calendar years L977 (44 percent) and 1978 (61 percent).

E. 3 THE UPPER CHESAPEAKE BAY FiSH COi,Ii 'IUNI.TY

Fi f ty -one f i sh  spec ies  have been recorded fo r  the  lower  ten  mi les  o f  the  Susquehanna R iver  f rom
the Conowingo Dam to  the  r i ver  mouth  (F ig .  E . I ) . rz  The most  abundant  have been the  anadromous
c l u p a i d s  ( a l e w i f e ,  b l u e b a c k  h e r r i n g ,  A m e r i c a n  s h a d ) ,  w h ' i t e  p e r c h  a n d  c h a n n e l  c a t f i s h .  l 2 ' 1 3

I n c l u d e d  i n  t h e  s p e c i e s ' i n v e n t o r y  a r e  f r e s h w a t e r  f a m i l i e s  o f  s a l m o n i d s  ( t r o u t ) ,  e s o c i d s  ( p i k e s ) ,
ca tso tomids  (suckers ) ,  cypr in ids  (minnows and carp) ,  i c ta lu r ids  (ca t f i sh) ,  cen t ra rch ids  (sunf ish
and bass) ,  and perc ids  (perches  and dar te rs ) ;  b rack f ish  water  fami l ies  o f  an ther in ids  (s i ' l ve r -
s ides)  and cypr inodont ids  (k i l l i f i sh ) ;  ana,dromous fa r r r i l i es  o f  c lupe ' ids  (shad and r i ver  her r ings) ,
perc ich ty ids  (s t r jped  bass ;  and wh i te  perc lh - -a  f reshwater  spec ies) ;  and one ca tadromous fami ly  o f
angui 1 I  i  ds (Ameri ,can ee1 ).

Th is  s t re tch  b f  fhe  r i ver  i s  used fo r  spa .wn ' ing  by  severa l  spec ies  o f  f i shes  dur ing  the  spr ing ,
inc lud ing  the  anadromous c lupa ' ids12t13  6p1 l  s t r iped  bass  ( rock f ish) .  The f i sh  communi ty  o f  the
upper  !4 t - (Susquehanna R iver  mouth  to  Annapo l is )  cons is ts  o f  many spec jes  and is  seasona l ly
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Tabll E.3.  Spectes Composttion of Fi景

lele:isittr9ngii↓ :yan conoWingo P?ndBased on 1973‐ ■977 Wi

Species 1975 19771976

Grand Total

Number Percentage

l{hite crappie
Bl uegi I  I

Langemouth bass
Channel eatf ish
Brown bullhead
Black crappie

Otherb

5,998

411

12

11

27

17

21

3,130

36

1

24

2

13

489

546

5

2

2

2

13,865

1,064

111

40

34

27

74

91.1

7 . 0

0 . 7

0 . 3

0 . 2

0 . 2

0 . 5

3,599   649

40     31

85     8

2      3

4     1

4     2

21     17

"l,fodified from Table 4.6-4 of "Peach Bottom Atomic Power Station post-
operational Report No. 9 on the Ecology of Conowingo Pond for the period of
Ju'fy l977-December L977," l,luddy Run Ecological Laboratory, March 1978.
Canp,  ye l ' low perch,  g izzard shad,  smal lmouth bass,  pumpkinseed,  ye l low bul l -
head, golden shiner, white sucker, brown trout, muskellunge, redbreast sun-
f ish,  and rock bass.

Table E.4.  W nヽter F sヽhing Pressure and Catc,aper H° ur of Fishes ln
Conowttngo Pond, 1973-197

1973    1974   1975    1976 L977 Total Avg.

Number of

Number of

Number of

Number of

Number of

Number of

anglers interviewed

anglers counted

hours  f i shed (ang le r -hours )

f i sh  caught

f i s h  ( a l l  s p e c i e s ) / h o u r

white crappie/hour

1077     813

1937    1072

2099,0  1441.0

6497    3206

3.10    2.22

2.86    2.17

423     881

673    1715

673.4  2256.7

1046    3755

1.55    1.66

0,74    1.60

489    3683   736.6

724    6121  1224.2

1035.3  7505.4  1501.1

711   15215    3043

0。69     -      2.03

0。63     -      1.85

aHodified from Table 4.6-l of ‖
Peach 8ottom

No。 9 on the Ecology of Conowingo Pond for

Run Ecological Laboratory, March 1978.

Atomic Power Stat ion Post-operat ional Report
the Period of July 1977-December 1977," Muddy
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Table E.5. Species Composit ion and
by Anglers in Conowingo Pond, August

Est'imated Harves
1977-August 1978

Species
Number Percentage
Caught Kept

Estimated Harvest

Number Number/hr   Wetght (kg)   kg/hr

tfhite cnappie
Sunfi shesb

Smallmouth bass

Channel catf ish

Carp
Largemouth bass

Yellow perch

Bul I headsc
Ual I eys

otherd

Total

1437

1268

781

1281

181

161

60

43

50

43

5305

79.9

3037

44.3

24.6

34.2

28.0

61.7

74.4

42.0

46.5

45.5

57,296

16,564

15,035

14,599

2,641

2,366

1,880

1,260

677

943

113,891

0。19

0.05

0.05

0.05

0.01

0.01

0.01

e

e

e

0。38

11,440

1,748

6,131

2,095

2,147

1,089

246

425

25,381

3.14

0。48

1.70

0。57

0.59

0,30

0.07

0。12

6.97

" t todi f i "d from Table 4.6-3 of "Peach Bottom Atomic Power Stat ion Post-operat ional
Report  No. 9 on the Ecology of Conowingo Pond for the Period of July L977-
December L977,x tluddy Run Ecological Laboratory, March 1978.

b lnc ludes  rock  bass ,  redbreas t  sun f ish ,  g reen sunf ish ,  pumpk inseed,  and b lueg i l l .
c lnc ludes  wh i te  ca t f i sh ,  ye l low bu l lhead,  and brown bu l lhead.
d lnc ludes  Amer ican ee l ,  g izzard  shad,  go ld f i sh ,  go lden sh iner ,  wh i te  sucker ,

shorthead redhorse, Uiai t  cnappie, st i iped bass x white bass hybrid,  and t iger
musk ie .

"L" r r  than 0 .01 .

composed of freshwater, estuarine, and anadromous forms. The mone freshwater areas at the head
; i ih ; -B" t  w i l i - t rau"  i  spec ies  assemblage s imi la r  to  tha t  o f  the  lower  Susquehanna R iver . r2 t ts

Forty species have been recorded from the Susquehanna Flats,  vr i th less than half  that number
comp;is ing the major i ty of individuals taken, both in number and weight.13 The most abundant
spe l ies  a ' re  wh i tg :per ih ,  bay  anchovy ,  b lueback  her r ing ,  a ]ewi fe ,  k i l l i f i sh ,  spo t ta i l  sh iner ,
i -gn f isn ,  s i l vers ides ,  s t r ipdO bass , -spot ,  and hogchoker .  Annua ' l  shorezone se in ing  is  conducted
in many'areas of th;  Chesipeake eay, i tar l land, bt-  the Marylan-d Fisheries Administrat ion. la The

most  aLundant  spec ies  found in  1977 and 1978 inc ' luded At lan t ic  menhaden,  A t lan t ic  s i l vers ides ,
bay ancho., ly,  gi izard shad, rough si lversides, spot,  spottai '1.  shiner,  str iped bass, and white
pe- rc t r . tq  i t re - less-sa l in i i y  to l -e ran t  f i shes  occur  in  the  t r ibu tar ies  and on  the  f la ts ,  and to  a

i " rue"  degree in to  the  bay- ( i .e . ,  ye1 low perch) .  Other  more  es tuar ine  or  mar ine  spec ies  occur  as

fa r  up  th i  bay  as  the  Sa is i t ras ' { i ver  o i  to  the  southern  
' l im i ts  

o f  the  f la ts  ( i .e . ,  b lue f ish ,
w i n t e r  f l o u n d e r ) . 1 s

l , lany truly estuarine and anadromous f ishes occur throughout this upper Bay area and many use i t

ai  ipawni ig anA nursery grounds. Prominent among the spawners there are the freshwater resjdents
p iu r - i r . f ,  

"spec ies  
as  i t r iher r ings  (Amer ican shad,  a lewi fe , -b lueback) , .wh i te  perch ,  s t r iped  bass ,

! r iu " " r io .s ,  w in te r  f lounder ,  h igchoker ,  anrc  bay  ancho_vy .1s . In  add. i t ion  to  the  use  o f  th is  a rea

i,  "  nu"r"ry I ty those species thai  spawn therre, several  species that spawn ei ther in the ocean or

much farther down the Bay near the mouth also ut j l ize thjs upper Bay,area as nursery grounds-

ipot,  croaker,  and weakf ish have concentrated nursery ar_ea_s i1 thg.E1k River and in the Bay
p; i l ; "-Oei*een poole,s Is land at the south and Spesuite Is land at the north. ls Hogchok-er spawn

bvei^ mucn of the Chesapeake Bay, including the southern l imits of this upper Bay area (Magothy
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River-Chester Riven area), but have concentrated nursery areas in the upper Bay tributaries and
in the Bay proper from about Poole's Is land at the south to the Susquehanna Flats. ls

The Chesapeake and Delaware Canal also supports f ish populat ions simi lar in composit ion to those
of the northern Bay tr ibutanies.16 Several  species spawn in the canal,  most notably white perch
and stniped bass. l7r l8 The canal appears to have become one of the most important str iped bass
spawning grounds in the entire Chesapeake Bay region, and it has been suggested that the canal
provides a favorable alternative to the now-destroyed historical spawning grounds in the lower
Susquehanna River.17 Str iped bass spawning stocks occur in several  aquat ic systems throughout
the mid-At lant ic and northeast regions, but the major contr ibutor to the At lant ic .coastal  f ishery
is the Chesapeake Bay stock. le

The most productive areas of the Bay are those areas of low salinity in the upper bay and the
corresponding port ions of the major tr ibutar ies.20 The upper Bay is a major spawning and nursery
area, and togethen with the Chesapeake and Delaware Canal,  probably is the largest of  al l  spawning
areas in the Bay.t"  Biomass per unit  of  area, part icu' iar iy of marsh plants and f ishes, is vast ' ly
greater on these nursery grounds than i t  is seaward.2l  These low sal ini ty areas of the upper bay
are r ich in food resources for young f isheslst2l  spd contain the largest populat ions of important
phytoplankton and zooplankton during the seasonal occurrence of larval  and juveni le f ishes.

Endangered fish species for the Chesapeake Bay area include the Haryland darter (Etheostoma
sellaFe) and shor{,nose sturgeon (Acipenser bre'vir:qs'Eryrm).20 The Maryland darter oiffi iThe
eastern Piedmont drainage to the Bay," but not the Bay proper.  Present ly,  i t  is known only from
Deer Creek, a tr ibutary to the Susquehanna River 3 to 3.5 mi les downstream of the Conowingo
Dam.23 I t  has not been recorded in the Susquehanna River proper in the vic ini ty of Deer Creek.
Shortnose sturgeon has been recorded from the Potomac River during the lat ter 1800s from Sti l ' lpond
Neck ( just south of the Sassafras River) in 1975 (one specimen), and from the Elk River in 1978
(four specimens).24t23 Shortnose sturgeon are present in the Delaware River and Delaware Bay.26
Although no specimens have been recorded from the Chesapdake and Delaware Canal,  the possibi l i ty
exists for migratorJ movements between the two estuaries.26 Therefore, the specimens recorded
during 1975 and 1978 from the Chesapeake Bay might have been of Delaware River or igins.

Some other important species of Bay f ishes, al though not considered endangered, have become
severely reduced in number during recent years. Commercial  catches of American shad have decl ' ined
severely in recent yearsl2t27-2e prompting the State of l ' laryland to close the f ishery (sport  and
commerc ia l )  dur ing  1980,  beg inn ing  on  Apr i l  8  and cont inu ing  fo r  120 days .  H ickory  shad,  b lue-
back  her r ing ,  and a lewi fe  a lso  are  a t  very  low popu la t ion  leve ls  in  the  Bay .  Popu la t ions  o f
s t r iped  bass  have dec l ined in  recent  years .30

The Upper Chesapeake Bay Shel l f ish Community

Soft-shel led clams ( l ' lya arenaria) general ly occur in water w' i th a depth less than 20 f t  near the
shonel ine of both sides of Chesapeake Bay. They are found from the northern Bay general ly below
Poo le 's  Is land south  to  about  the  Potomac R iver . l s  Hard  c lams (Mercenar ia  mercenar ia )  a re  l im j ted
to the higher sal ini ty areas of the lower Bay, but extend into Mary' land' in the Tangier and Pokomoke
Sound areas of the eastern shorels '31 They are not found in water where the sal i rr i ty is less
than 15  par ts  per  thousand. ls  The Amer ican oys ter  (Crassos t rea  v i rg in ica)  i s  d js t r ibu ted  th rough-
out much of Chesapeake Bay and occurs ' in Maryland waters from the Maryland-Virginia border north
to  about  the  Poo le 's  Is land area ,  as  we l l  as  in to  most  - ' the  more  sa l ine  t r ibu tar ies  ups t ream to
a  mean sa l in i ty  o f  about  7 -8  par ts  per  thousand. ls  Oys le rs  requ i re  f i rm bot tom to  p revent  s ink ing
and smother ing  and normal ly  a re  found a t tached to  she l l s ,  s tones ,  and_other  hard  ob jec ts .  They
are  subt ida l  ind  genera l l y  occur  in  water  be tween 8  and 25  f t  deep. ls  Great  accumula t ions  o f
oyster shel ls are a signi f icant bottom feature of the Chesapeake Bay. Perhaps the g:"eatest
cont r ibu t ion  any  s ing le  mol lusc  makes toward  the  eco logy  o f  the  Bay ' i s  the  fo rmat jon  o f  she l l
bars  and ree fs  made by  oys ters .s l  Ind iv idua l  mo1 luscan spec ies  u t i l i ze  var ied  means o f  ob ta in ' ing
nut r i t ion .  Some are  f i l te r - feeders  (so f t -she l led  c lam,  oys ter )  and/or  de t r i ta l  feeders .  They ,
i n  t u r n ,  p r o v i d e  f o o d  f o r  a  v a r i e t y  o f  a n j m a l s ,  i n c 1 u d i n g  o t h e r  m o l l u s c s ,  f i s h ,  c r a b s ,  a n d  w a t e r -
f o w l ,  a s  w e l l  a s  f o r  m a n . 3 1

T h e  b l u e  c r a b  ( C a l l i n e c t e s .  s a p i d u s )  i s  w i d e l y  d j s t r i b u t e d - a l o l g  t h e  A t l a n t i c  a n d  G u l f  c o a s t s ,  b u t
is most abundant lnci l f f i 'kn6frn fr-om the Chesapeake Bay.15 Blue crabs occur from areas of near ' ly
f resh  water  to  fu l l -s t rength  sea water .  In  the  low sa l in i ty  a reas  o f  the  upper  Bay  and i t s
tr ibutar ies, male crabs predominate. Femalers tend to congregate farther downstream and down-bay
where  sa l in i t ies  a re  g rea ter .  Mat ing  occurs  in  the  m' idd le  and upper  Bay  and j t s  t r ibu tar ies  f rom
June through October.  After impregnat ion, the females migrate toward the lower Bay and the
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higher salinity spawning grounds.  Female crabs wヽ 1l not return to northern Bay areas unt1l the

following spr nヽg, wh1le the masority of males rema:n in the freshlr waters, most overwintering in

軽b蛸拭陥韮鮮群試封群群1距換鍮淵鴨持路部器繊品景s
of its tributaries.15

Food Habits of Upper Chesapeake Bay Fishes

The f→sh fauna of the lower Susquehanna River downstream of Conowttngo Dam consists of a broad
complinent of 18eater types・

・
, including fish eaters, fttsh and invertebrate eaters, bottom feeders,

and planktOn/invertebrate eaters.

Food habits have been studied for only a few spectes of fish ギ n this stretch of the river― ―white

crappte, gizzard shad, white perch, and channel catfish.12  They rely predomlnant]y on bottom
村nvertebrates, plant material, and fish as food sources.  In decending order of occurrence in
stomachs:  white crapptte ate :身 sects, crustaceans, ftsh, and Plant matertal; gizzard shad ate

plants, i nsects, detritus, and crustaceansi whSte perch ate insects, crustaceans, PlantS, and
fishi and channel catfish ate plants, insects, fish, crustaceans, and detritus.  Other studie5 0f

fishes ヽn freshwater areas surroundSng the Chesapeake Bay describe the food sources of alewife as

predominantly crustaceans (COpepods and ostracods) and thOSe nf American shad as insects and
ostracods.24  white perch feed on fish, crustaceans, worms, insects, and to a much lesser degree
on plant material.24  striped bass are carnヽvor倍

岩魯hn:e景!i:: !骨eゴ
ii培
キ&∬培吊:酬 h」卜を1培;とi8:'12insects,24 and ttn the lower portion of the Susqu

モ‖♀sW]llg苦:h ttf腎甘皆
31i弔

活r'Ping the °
nly truly piscivorous (fish eater only)resident species in

The food habits of fish in the less saline aroas of the upper Bay (espectally the Susquehanna
Flats and nearby tributaries) Will be slmilar to those described for the lower ten m1les of the

Susquehanna Rttver, with benthic invertebrates as a primary food 50urCe.12  1n the Chesapeake and
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讐瑞 母轡 静鍮ences often change from small organisms― ―to larl

larger forms (fish, Crabs, moll uscs), dePending

group“,

General DistributSon of Ma30r Fishery Harvests

The sofこ―shelled clam is found in the bay almost exclusively in Maryland waters.  Commercial
harvest concentrations occur only in certain areas between the Chester River at the north and the
Potomac River at the south.15  virginia reported no landings of 50ft~Shelled clams for 1975 or

1976,33,34 whlle Maryland.s exceeded l.2 million and l.7 m1111on pounds for those two years.

Hard dams are found in Maryland waters only near農ゴ群
lf樹
ま
~苦
]どg:lilsを培i培鳥岩品猟]ほどド」.札

and
Pokomoke Sounds.  A small fishery exists there

1 3拷! ] l dげf塔結譜・∫略品群Wa結対讃名品甲毛点
la m s  i n  1 9 7 5 ( 1 3 , 9 0 0  p o u n d s ) 3 3  a n d  n O  h a r v e s t  i n
cess of 600,000 pounds and 800,000 pounds in 1975

and 1976 respectively.

gys ter  beds  occur  in  the  Bay  genera l l y  beg1nn ' ing  a t  the  nor th  near  Poo le 's
s 'ou thward  in to  most  o f  the  sounds, ' lower  t ida l  c reeks ,  and lower  por t ions  o f
The major i ty of oysters narvested within the Bay come from Maryland wat 'ers.

I s l a n d  a n d  e x t e n d i n g
the  major  t r ibu tar ies .

B lue  c rabs  are  harves ted  in  vas t  quant i t je : ;  th roughout  most  o f  Chesapeake Bay and in  the  midd le
and lower  por t ions  o f  most  t ida l  i reeks  and t r jbu tar ies . rs  Commerc ia l  po t t ing  fo r  c rabs  beg ins
near  the  Spesut ie  Is land area  a t  the  lower  end o f  the  Susquehanna F la ts  and occurs  th roughout
most  o f  th i  Bay  proper  and the  t ida l  por t i r :ns  o f  the  Potomac R ' iver . l s  Recreat jona l  c rabb ing  in
Mary land water i  6ccurs  p r imar i l y  in  nearshore  areas  and in  t ida l  c reeks ,  beg inn ing  a t  about  the

F
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Aberdeen-Sassafras River area and extending southward along much r,f the Bay shoreline area-ls
Although no f igunes are avai lable on the total  recreat ional-crab harvest levels,  i t  is substant ial .

Fishing (commercial and recreational) tends to be located in the aneas where concentrations of
f ishes-ei ist ,  and usual ly is seasonal in nature. Fishing for anadromous species (shad, herr ings,
str iped bassi occurs in i f re tr ibutar ies and other spawning areas during the-spawning runs- 0ther
species are fished when they enter the Bay waters for summer and fa'll feeding, such as menhaden
and b lue f ish .

Fishenies of The Susquehanna from Conowingo Dam to the River l ' louth

Cormercial  f ishing occurs in the lower ten mi les of the Susquehanna River for American-shad,
s t r iped bass ,  r i vEr  hemings  (a lewi fe ,  b lueback  heming) ,  ca i , f i sh ,  and ba i t f i  56 . t2 t26 t2e  The
f ishlry is r inked as "excel lent" and the usage is ' rheavy".zs In recent y-ear9'-  catches.of shad
have dlcl ined baywide,r2t27-2e thus more emphasis has been pla_ced on str- iped b_qt: l  wi th shad
becoming more of-an incidental  catch in the'susquehanna River.2e Recreat ional f ishi^ng occurs in
this reich of the r iver for several  species by-both r iver bank and boat anglels. l l  A creel
sunvey conducted during the spring of 1970 recorded the capturq g! 1718 fishes (4295 kept, or a
hanve-st rate of 60.UU)-Uy fgOZanglers who f ished for a total  of  8315 hours (0.93 f ish caught-per
angler hour).1s Of iho;e anglerJ who responded, 52.4% resided in l , laryland,.15.4 resided in
Peinsylvani i ,  and 2.4X were inom other states. The predom!n"!- !-species caught-werg_*[!e perch
(41.31  o f  th6  to ta l ) ,  r i ver  her r ing  (28 .0%) ,  Amer ican-shad (9"0X) ,  channe l  ca t f i sh  (6 .4%) ,  s t r iped
bass  (4 .3X) ,  ye l low perch  (3 .5X) , -bu l lhead ca t f i sh  and h ickory  shad (1 .8% each) ,  sun f ishes  and
crapp ies  t i .S*  to ta ] j ,  la rgenouth  and smal lmouth  bass  (0 .9%) ,  and o thers  (1 .4%,  inc lud ing  wa l leye ,
carp, eel  ,  suckers ,  qui ' l  l  back).

Fisheries of the Upper Bay

Soft-shel led clams are harvested general ' ly beginning at about the Chester River in the southern
port ion of the upper Bay area; the northern-moit  Cheiapeake Bay distr ibut ion of.oyster beds is in
Lhe area betyeen'Poole' 's Is l ind and Annapol is;  and blue crabs are harvested (commercial  and
recreat ional)  throughout most of this area from the southern f lats to Annapol is.

Finf ish are commercia' l ly harvested in almost al l  waters of the uppe_r Bay r_egio1,.- iq. . l .q{ng- th.e
Susquehanna F la ts ,  r "ny- t iO" t  c reek  aneas,  and the  Chesapeake and 'De lawa ie  Cana l . tGt2s '2e  F ish ing
in  the  f la ts  a rea  is  p - r inc ipa l l y  fo r  s t r iped  bass  ( rock f jsh) ,  shad and her r ings , -ee ls ,  ca t f i shes ,
wh i te  oerch .  and men i raden. 'Th-e  area  has  been ra ted  as  " fa i r "  to  "exce l len t "  fo r  commerc ia l
i istr in j . is 

'Commercjal  
f ishing also occurs in the open Bay proper south of the f iats for str iped

bass ,  [e rch ,  shad,  a lewives ,6e ls ,  and b lue  c rabs .2b  The le  a reas  are  h_eav i l y_ f i shed.and.Prov ' ide
near iy 'year : round- f i sh ing  fo r  var ious  spec ies .  Win ter  f i sh ing  pr imar i l y  i s  fo r  s t r iped  bass .z '
F i s h i n g  i s  r a t e d  a s  " f a i r r r t o  " e x c e l l e n t " .

The most recent dat-a avai lable on the sport  f ishery are for the year 1976 for the upper Bay area
f rom Poo le 's  Is land a t  the  nor th  to  thb  Choptank-R iver  a t  the  south .ss  The to ta l  harves t  by
ang lers  f i sh ing  f rom pr iva te  and char te r  boats  was es t imated  to  be  about  4 .5  mi ' l l i on  pounds,  o f
wt i i ch  about  2 .9  mi l l ion  pounds were  b lue f ish .  B lue  c rabs  ranked second in  abundance,  w ' i th  s t r iped
bass third.  Based upon the data derived during the 1976 sport  f ishery sqrvey p_lus the results of
previous surveys, an est imate of the total  spolt  f ishery was made.for al1 Maryland waters of the
bhesapeake Baylss The total  1976 sport  f ishery harvest for f inf ish was est imated to be about

i+ .+  i i ' 1 i l l i on  f iounds ,  wh i le  the  spor t  harves 'L  fo i  o tue  c rabs  was es t imated to  be  about  3 .2  mj l l ion
pounoi.  wit t r in the 1976 survey areas, the commercial  harvest was less than the sport  catch for

i t r iped  bass ,  b lue f ish ,  wh i te  perch ,  spo t ,  and c roaker .
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APPENDIX F.  REUSE OF ACCIDENT WATER

Large volumes of contam'inated water were generated by the accident,  and treatment of this acci-
denf  water ,  us ing  the  sys tems d iscussed in  Sec t ion  7 .1 ,  cou ld  resu l t  in  equa l ly  la rge  vo lumes o f
l iquid eff iuents- in the form of processed accident water.  However,  large amounts of-water wi l l
be needed for decontaminat ion and defuel ing operat ions and to shield systems and equipment.  I f
processed water meets certain cr i ter ia,  i t  may be used to sat jsfy these water needs and thus
ininimize the volume of addit ional water contaminated during the cleanup. The NRC has requested
the l icensee minimize the use of water and cross-contaminat ion. l

In  th is  append ix ,  the  processed acc ident  water  ava i lab le  fo r  reuse is  charac ter ized ,  po ten t ia l
reuse app i ica t ions  and the  l im i ta t ions  assoc ia ted  w i th  reuse are  ident i f ied ,  and the  env j ron-
mental  impacts of reuse are assessed.

F.1 EFFORTS TO DATE AND SPECIFIC CONSIDERATIONS

As of September 1, 1980, about 501,000 gal lons of AFHB accident water had been processed through
the EPICOR II  system. An addit ional 68,000 ga1' lons hdd been processed through November 1980.
Th is  p rocessed acc ident  water ,  p ' lus  an  add i t iona l  174,000 ga l lons  o f  s ' l i gh t l y  con taminated  water ,
i s  cur ren t ly  s to red  w i th in  the  p lan t  fo r  reuse.  The charac ter is t i cs ,  vo lumes and s to rage loca-
t ions of thls water were presented in Table 7.3. The average concentrat jons and radioact iv i ty
inventor ies  fo r  a l ' l  s ign i f i can t  i so topes  in  th is  743,000-ga l lon  inventory  a re  p resented  in
Tab le  F .1 .  As  shown,  th is  water  conta ins  359 C i  o f  t r i t ium and about  0 .8  C i  o f  ces ium.  The
quant i t ies of other isotopes present are less than 10 percent of the cesium content.  As dis-
cussed in  Sec t ion  7 .1 ,  there  are  about  700,000 ga l lons  o f  unprocessed acc ident  water  in  the
reac tor  bu i ld ing  sump p lus  another  95 ,000 ga l lons  jn  the  reac tor  coo lan t  sys tem.  Thus ,  about
1 ,540,000 ga l lons  o f  p rocessed water  cou ld  be  ava i lab le  fo r  reuse.  S ince  there  are  no  prac t ica l
indus t r ia l l sca le  sys tems ava j lab le  tha t  can  remove t r i t jum f rom th is  acc ident  wate l ' ,  i t  w i l l  be
tr i  t i  ated.

Reuse o f  p rocessed acc ident  water  cou ld  resu l t  in  occupat iona l  rad ia t ion  exposure  dur ing  the
peuse app l ica t ion .  To  ensure  compl iance w i th  "as  low as  reasonab ly  ach ievab le"  (ALARA)  pr in -
c ip les ,  gu ide l ines  fo r  reuse o f  p rocessed acc ident  water  have been es tab l ' i shed fo r  the  fo l low ing
two app l ica t ions :

.  Remote and Semir:gmote Decontaminat ion

The gross  spec i f i c  ac t i v i t y  and t r i t ium concent ra t jons  o f  p rocessed acc jdent  water  used
for  these app l ica t ions  shou ld  be  main ta ined a t  leve ls  be low those tha t  cou ld  lead to
worker  exposure  in  excess  o f  gu ide l ines  es tab l i shed in  10  CFR Par t  20 .

.  S h i e l d i n s

The average gross  ac t iv i t y  o f  a l l  rad ionuc l ides  except  t r i t ium shou ld  be  less  than
0.01  pCi lm l .  Th is  ensures  tha t  the  rad ia t ion  leve l  a t  the  sur face  o f  the  spent  fue l
poo' ls and fuel t ransfer canal is below 2 to 3 mrem/hr.  The average tr i t ium concen-
t r a t i o n  i n  t h i s  w a t e r  s h a l l  b e  m a i n t a i n e d  t o  e n s u r e  a i r b o r n e  a c t i v i t i e s  w i l l  b e  l e s s
than the 10 CFR Part 20 l imit  for worker exposure'

Compar ison o f  these gu ide l ines  to  the  charac ter is t i cs  o f  the  743,000 ga l lons  o f  p rocessed acc ' i -
den l  water  in  s to rage ind ica tes  tha t  th is  wate t "  i s  su i tab le  fo r  reuse jn  bo th  app l i ca t ions .

F.2 ALTERNATIVES CONSIDERED

The management  o f  p rocessed water  to  max imize  reuse dur ing  the  c leanup requ i res  cons idera t ic rn  o f
ihe  vo lume o f  water  ava i lab le ,  i t s  su ' i tab i l i t y  fo r  genera l  reuse and the  spec i f i c  reuse app l i -
ca t ions ,  and the  re ' la t ionsh ip  be tween ther  t ime when j t  becomes ava i ' lab le  and the  t ime
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Table F.1.  景
Pi:°母営:とidinlstil:3どと °f Pr°Cessed

ilajor
Radionucl ides

志。nどと景t景:骨村。nb
(「C i / mと)

Totalb'C

Curles

H-3

Cr-51

Co-58

Co-60

Ru-106

Sb-125

Cs-134

Cs‐137

Ce-144

1.28 X 10‐ 1

<  8.4 X 10-6

く    8 X 10-6

く  9.7 X 10-6

く  7.4 X 10,6

く  6.l X 10-6

9.l X 10。 こ

2 X 10-4

6.6 X 10。 6

3.59 X 102

( 2,4 X 10-2

< 2.3 X 10。 2

く 2.7 X 10‐ 2

く 2.l X 10。 2

く 1.7 X 10-2

く 2.5 X 10-1

5,7 X 10-1

( 1.8 X 10-2

aAve"age in al1 tanks shown on Table 7.3.
bAll va' lues except tr i t ium (H-3) are rounded to two
signi f icant  f igures.

cBased on volume of 743,000 gallons.

when i t  is needed for a part icular reuse appl icat ion. These parameters are, in turn, af fected by
g.wid9 range of condit ions that could ar ise during the cleani.rp.  Thus, al I  the al ternat ive com-
b ina t ions  o f  ava i lab i l i t y  versus  reuse app l ica t ion l  cannot  be 'addressed.  Those se ts  o f  a l te rna-
t i ves  wh ich  bound ava i lab i l i t y  and a lso  bound po ten t ia l  reuse app l ica t ions  can be  cons idered.
These sets of bounding condit ions are presented below.

F .2 .L  Ava i  
' l ab i  

I  i  t y

Processed acc ident  water  ava i lab i l i t y  i s  shown as  a  func t ion  o f  t ime in  F igure  F .1 .  T ime, ,zero , '
cor responds to  in i t ia t ion  o f  reac tor  bu f ld ing  sump water  p rocess ing .  About  743,000 ga l lons  o f
processed AFHB accident water are in storage. This represents the vo1ume cumently avai lable for
reuse.  The max imum vo lume shown is  about '1 ,540,000 ga l lons .  Th is  represents  th i  add i t iona l
processed water that could result  f rom processing reactor bui lding sump water and reactor coolant
system water.  Two al ternat ives for processing this accident water are shown in Figure F.1 to
bound the t ime frame for avai labi l i ty.  As shown, the maximum volume wi l l  be avai la-ble between
about 5 months and 13 months after processing is ini t iated.

F .2 .2  Poten t ia l  Reuse App ' l i ca t ions

Processed accident watet-  could be used for many of the operat ions that require large volumes of
water .  The po ten t ia l  uses  inc lude:

き号:書:るnttttWeen 70,000 and 230,000 gallons may beギnterうor as descrlbed ギn Section 5。2.  The ‖:giti!Rei9e↓81i品:Si:na:18tri38:880b廿:||:‖g.

紳謂操絲端器封潔押結札品f溝ギl:::キ舟88di群す奇晃猟ぜ子鮮特結1腎,ご
と
A;88tt°

r
230,000 gallons of water will be needed to shield this equipment during operatlon.
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Figure F.1.  Processed Accident  Water  Avai lab i l ' i ty .

-  RCS F lush ing .  Fo l ' low ing  de fue l ing ,  the  reac tor  coo lan t  sys tem wi l l  be  f lushed w i th
ff i6 atfempt to remove part iculates and radioact iv i ty that could be mobi l jzed
dur ing  c le fue l ing .  About  25b,000 ga l lons  o f  water  w i l l  be  needed fo r  th ' i s  f ' l ush ing .

- RCS Decontaminat ion. After f lushing, the reactor coolant system wj l l  be decontamjnated.
f f i n e e d e d d e p e n r ! s c n t h e t e c h n i q u e s u s e d . T h e s t a f f e s t j m a t e s t h a t
about  100,000 ga l lons  w i l l  be  needed i f  the  CAN-DECON techn ' ique js  used.  I f  the  o ther
techn ique i  be ing  cons jdered are  tJsed,  e .9 . ,  AP-Ci t rox ,  APAC'  NS- l ,  o r  OPG,  about
500,00d ga l lons l  o r  about  f i ve  reac tor  coo lan t  sys tem vo1umes,  o f  water  w i l l  be  requ i red .

processed accjdent water also cou' ld be userl  to sat isfy post-cleanup program needs. The potent ial

uses  inc lude:

撒 とer品:忌せi fttet aSSemblte!s and high―
radtatヽon―level packaged waste could be

:he spent fi】el pools and cask pit.  About 690,000 gallon3 0f Water

would be requtred.
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Assumes 700,000 gollons in reoclor building
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grocc6scd'by one slslcm ol 2 gpm (86,000
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Stantup Inventor ies. Refuel ing and startup, i f  such act iv i t ies are permit ted, would
require- minimum inventory of 100,000 gallons to refill the reactor coolant systen: and
about 300,000 gallons in the borated water storage tank to meet technical specif ications.

These potent ial  uses of processed accident waten ane summarized in Table F.2. The needs vary
with time, and processed water used to satisfy cne need can be processed again and recycled to
satisfy a futune need. The extrenes considered for watef volumes and timing of these reuse
appl icat ions during the cleanup pnogram are i l lustrated in Figure F.2. Time "zero" shown on
this f igure represents the ini t iat ion of processing water in the reactor bui lding sump.

The major difference between the two cases considered is the elapsed time to complete decontami-
nat ion of the RCS. Under assumed best-case condit ions, this can be accomplished over a 24-month
period; wonst-case condit ions require a 36-month period. For both cases the staff  has assumed
that water used for shielding can be used during defuel ing without retreatment,  that only the
fuel t ransfer canal is emptied after defuel ing, and t ,hat pr imary system f lush water is retreated
and used during pr imary system decontaminat ion.

Table F.2. Summary of Potential Uses of Processed Accident Water

Potential Use
Vol ume

(gal  lons) Remarks

During Cleanup Program

1.  Oecontaminat ion  o f  bu i ld ing  sur faces

2.  Sh ie ld ing  fo r  p rocess ing  equ ipment

3 .  Defue l  ing

4 .  RCS f lush ing

5. RCS decontaminat ion

After Cleanup Program

1.  Sh ie ld ing  in  spent  fue l  poo ls

2. Startup inventory

150,000

230,000

1,040 ,000
250 ,000

100,000 to 500,000

690 ,000

:  100,000

Can be processed with sump' l  
i  qui  ds.

Can a lso  be  used fo r  de fue l -
ing without treatment.

Borated water needed.

Can be treated and used for
decontaminat ion  in  I tem (5) .

Borated water.

Depends on whether TMI-2 is
restarted.
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Figure F.2.  Potential Processed Accident Water Needs.
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1.  Le t te r  f rom J .  Ahearne,  U.S.  Nuc lear  Regu la to ry  Commiss ion ,  to  H.  D ieckamp,  GPU,
January 12, 1981.



APPENDIX G o ENGINEERINO CONSIDERAT13NS FOR TREATMEN1 0F TMI-2 ACCIDENT― GENERAT,, LIQじ ID WASTE

G.1 INTRODUCTION AND SUIf,IARY

Nine alternative systems were considered for treatment of Tlil l-z liquid wastes: (1) the submerged_
demineral izer syst lm (SDS), (2) a modif ied SDS, (3) the EPIC0R II  system, (4) a modif lg!  | :PIC0R II
system, (5) a zlolite/evapbrator system, (6) a zeolite/EPICOR II system, (7) an SDS/EP"C0R II
slstem, (8) an evaporator/resin syJtem, and (9) a bitumen/resin system. The data and assumptions
uied to characterfze the liquid iaste to be treated by these systems and the performance charac-
teristics of systen components and overall systems are presented in this appendix. The assump-
t ions used to tst imate the quant i t ies and character ist ics of the process sol id wastes generated
through use of these systems are also presented.

A matr ix of the l iquid waste sources that could require treatment and the al ternat ive treatment
systems evaluated ih t t r is Appendix for t reatment oi  these l iquids is presented in Table G-1-x
As shown, 27 liquid waste/tneatment system combinations wene evaluated.

The data and/or assumptions used to character ize l iquid waste pr ior to treatment are presented in
Sect ion G.2. The data and assumptions used to character ize the performance of the al ternat ive
treatment systems are presented in Section G.3. These data and assumptions characterize repre-
sentative pirfornance parameters for the systems described; the actual performance of a particular
system wil"l vary from the assumed parameters. However, the assumed performance parameters have
bLen appl ied consistent ly and provide a reasonable basis for comparing the relat ive performance
of the systems considered.

The assumptions used to character ize the process sol ids wastes that could be generated from each
system/l iquid waste source combinat ion are presented in Sect ion G.4. Summaries of the processed
witen character ist ics are presented in tabu' lar form in Sect ion G.5. Simi lar tables are used to
character ize process sol id waste in this sect ion. To simpl i fy the presentat ion of information in
this Appendix,  al l  radionucl ide inventor ies are presented in cur ies arrd volumes are presented in
gal I  ons. **

G.2 BASIS FoR LIQUID UASTE CHARACTERISTICS

The gross cur ie content of the var ious soqrces of l iquid waste that could be treated during
cleanup of TMI-2 are shown in Table G.2. The suitabi l i ty of  these l iquids for t reatment depends
on their  physical  and chemical character ist ics.  The character ist ics of reactor bui lding sump
water given- in the table are based on the analysis of reactor bui lding sump vrater samp1es..
Simi lar-sample data were avai lable for RCS primary system water.  For the other sources of l ' iquid
waste  shown in  Tab le  G.2 ,  the  charac ter is t i cs  o f  and the  d is t r ibu t ion  o f  rad ionuc l ides  jn  the
l iqu id  were  e i ther  in fe r red  f rom o ther  ava i lab le  da ta  o r  were  assumed.  The assumpt ions  used to
character ize sources of l iquid waste are discussed below.

G.z.L Reactor Bui lding Sqmg_Eelgr

The reac tor  bu i ld ing  basement  ccn ta jns  about  700,000 ga l lons  o f  sump water  conta jn ' ing  f i ss ion
products, borates, iodium hydroxide, and sediment and debrjs from the accident.  The pH of the
water  i s  8 .6 .1  Es t imates  o f  the  amounts  o f  d isso lved and f i l te rab le  mater ia ls  in  the  water ,
based on  pub l jshed ana lyses  o f  the  sump water  compos i t ion , l '2  a re  g iven in  Tab les  G.3  and G. '1 .
These values have been updated to September'  1,  1980, to account for addjt jona' l  radioact ive decay.
The rad ionuc l ide  inventory  i s  about  500,000 C ' i  and the  pr inc ipa l  rad jonuc l ides  o f  concern  are
cesium and stront ium.

共Tables, flgures, and references follow text.
女求To obtain concentratton3 in「 Ci/mL, dヽ vttde the curie content by the volume in ga11● ns and

multlply the result by 264.
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The volume of addit ional l iquids that rnay be added to the sump from early reactor bui lding decon-
taminat ion operat ions is est imated by the staff  to be 100,000 to 200,000 gal lons. Therefore, the
sump coulci  contain as much as 900,000 gal lons. The est i rnated radionucl ide content of these
ac id i t iona l  l iqu ids  i s  about  90  C i ,  so  the i r  con t r ibu t ion  to  the  sump inventory  i s  neg l ig ib le .  0 i l
and grease are l ikely to be present in the sump l iquids. A conservat ive est imate of the amount
o f  such mater ia ls  i s  2 .4  mg, /ml  o f  l iqu id .

G.2.2 Reactor Coolant (Pr imary) System Water

About 95,000 gal lons of reactor coolant system (pr imary) water wi l l  require treatment.  The
radionucl ide concentrat ions for the pr imary water are given in Table G.5. The average concen-
trat ion of radionucl ides in this water is about 5.9 x 101 pCi/ml, '3 and the total  radionucl ide
inventory is about 20,000 Ci.

G.2.3 Reactor Coolant System Flush and Drain Water

The reactor coolant system (RCS) water is contaminated with f ission products and core debris as a
result  of  the accident.  Part iculate mater ial  weuld be removed by f i l t rat ion using a core f i l ter
within the reactor vesse' l  and addit ional f i l ters on the reactor coolant system drains in order to
t rap  par t i cu la tes  dur ing  the  f ' l ush  and dra in  ac t iv i t ies .  The RCS f lush  and dra in  opera t ions  w i l l
produce contaminated water that wi l l  require decontaminat ion. I t  was assumed by the staff  that
the eff luent from al l  the f ' lush and drain operat ions wi l l  be pumped into the reactor coolant
bleed holdup tank, f rom which water wi l l  be taken for decontaminat ion. The exact volume of water
that wi l l  be processed during the RCS f lush and drain operat ion is unknown, as is the exact
radionucl ide concentrat ion of that water.  The staff  has est imated that 2.5 RCS volumes, or
250,000 ga l lons  o f  con taminated ' l iqu id ,  w i l l  be  processed.  I t  i s  fu r t ,her  es t jmated  tha t  the
l iqu id  w i l l  con ta in  be tween 20 ,000 C i  and 100,000 C i  o f  con tami r lan ts  d is t r ibu ted  in  the  same
propor t ion  as  in  the  pr imary  water .  I t  i s  a lso  es t imated  tha t  about  2000 C i  o f  so l id  debr is  w i l l
be col lected on the pref i l ters preceding each ion-exchange treatment al ternat ive. The assumed
charac ter is t i cs  o f  these l iqu ids  and so l ids  a re  g iven jn  Tab les  G.6  and G.7 ,  respec t ive ly .

G.2 .4  RCS Decontaminat ion  So lu t ions

The decontaminat ion of the reactor coolant system components can be cor is idered pr incipal ly as
removal of  f ission-product plateout.  The staff  expects that part iculates would be removed during
draining and f lushing, and plateout would be removed by use of decontaminat jon reagents.

The l iquid capacity of the reactor coolant system of Tj4I-2 withou*u fuel  is about 96,000 ga1lons.
The radioact ive contaminat ion level of  the reactor coolant surface is est imated b.y the staff  to
range from 10 pCi/cnz to 100 1lCi icn2. This range is based upon the RCS surfaces being contami-
nated by a factor of 100 to 1000 t imes greater than horizontal  surfaces in the reactor bui lding.
The surface area of the reactor vessel and heat exchanger tubing is about 2.25 x 108 cmz; there-
fore, the staff  expects tota' l  radioact iv i ty on the reactor coolant system surfaces to range from
2000 Ci to 20,000 Ci.  This quant i ty of radioact iv i ty cou' ld be removed during decontaminat ion
operat ions.

The est imated volume of l iquid waste var ies with the technique used. I t  was assumed that i f  the
CAN DEC0N techn ique is  used,  about  one RCS vo lume o f  l iqu id  waste- -100,000 ga l lons- -wou ld  be
generated on a feed and bleed basis.  I t  was assumed that i f  the more aggressive chemica' l  tech-
n iques  are  used,  about  f i ve  RCS vo ' lumes- -500,000 ga l lons- -wou ld  be  genera ted .  The d is t r ibu t . ion
o f  rad ionuc l ides  in  these l iqu ids  (exc lus ive  o f  t r i t jum) ,  regard less  o f  the  vo lume genera ted ,  was
assumed to be the same as that in the RCS primary system water.

G.2 .5  AFHB Chemica l  Decontaminat ion  So lu t ; ions

About 2200 gal lons of these l iquids vrere etenerated through September 30, 1980. Through thjs same
per iod  about  80  percent  o f  the  areas  requ i r ing  "hands on ' r  c leanup were  f jn ished.  S ince  the
remain ing  areas  have h igher  leve ls  o f  cor r taminat ion  and are  more  d j f f i cu l t  to  decontaminate ,  i t
l vas  assumed tha t  about  th ree  t imes as  muc l r  l iqu id ,  o r  about  7000 more  ga l ' lons ,  wou ld  be  genera ted
through complet ion. The est imated act iv i ty to be removed was 60 Ci,  which js about 50 percent of
the acti vi ty i n the 

'l 
i qui ds a1 ready generetted.
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G.2.6 RB Chenical  Decontaminat ion Solut ions

The est imated volume of these l iquids is 30,000 to 50,000 gal lons, the average volune of 40,000
gal lons is assumed in this appendix.  The radionucl ide distr ibut ion in these l iquids was inferred
from swipe samples taken during reactor building entries. The major contaminants considered were
cesiun and strontiunr.

G.2.7 Sqrmary

The est imated curie content in each of the l iquid waste sources described above is l isted in
Table G.8. Tr i t ium is shown only for reactor bui lding sump water acd pr imary system water,  s ince
these sources plus the AFHB water already processed comprise the accioent-produced tritium inven-
tory. I f  processed water is reused for the othen appl icat ions shown on Table G.8, the tr i t ium
content present in the effluent after treatment will correspond to what was in the processed
water prior to reuse.

G.3 BASIS FOR TREAT}IENT SYSTEII PERFORI,IANCE CHARACTERISTICS

To compare alternative treatment systems on a relative basis, the performance of the systems
considened was infemed from (1) the perfonnance of the EPICOR II system used to cleanup AFHB
liquids, (2) laboratony-scale tests on zeol i te-based ion-exchange systems, and (3) the performance
of simi lar systems used to treat l iquid wastes containing radionucl ides and chemical contaminants
of the same or simi lar species to those present in TMI-2 l iquids. The assumptiens used to charac-
terize treatment system performance are conservative relative to the decontamination factors that
cou'ld be achieved. iloreover, the actual performance of any treatment system can be adjusted by
varying operat ing cr i ter ia to achieve the decontaminat ion factors desired for a part icular source
of l iquid waste. Therefore, whi le the performance of the systems described in this appendix wi l l
vany, the staff  bel ieves that the performance character ist ics presented below are representat ive
and provide a consistent basis for comparing al ternat ive treatment systems. The performance
paraneters which character ize each of the systems considered are d' iscussed below.

G.3.1 Submerged 0emineral izer System (SDS)

One treatment process considered for decontaminat ing the sump water is the submerged demineral izer
system (SDS) described by Met-Ed and (with chemical engineering in greater detai l )  by Brooksbank
and Armentol  and by Campbel l  et  al .2 

' ihe process consists of removal of  sol ids by f i l t rat ion,
fol lowed by removal of  cesium and part  of  the stront ium by use of an inorganic zeol i te jon exchanger.
The remaining ionic radionuc' l ides are removed by use of a cat ionic resin bed fol lowed by a mixed
res in  bed.  A  process  f low d iagram js  shown in  F igure  G.1 .

F i t t ra t ion  wou ld  be  accompl ished by  the  use  o f  d isposab le  car t r idge  f i l te rs .2  The vo lume o f
f i ' f te r  was te  was ca lcu la ted  by  assuming a  f i l te r  load ing  o f  2 .8  x  10-1  ms per  C ' i .a  As  fu r ther
character izat ion of sump part iculate progresses.,  the exact f i l t rat ion medja may be modif ied.

The results of laboratory tests suggest a modif ied subrnerged dem.ineral izer system would improve
the  remova l  o f  ces ium,  s t ron t ium,  and an t imony,  wh ich  are  the  major  rad ionuc l ides  in  the  e f f luen t
o f  the  SDS process .a  The mod i f i ca t ion  jnvo lves  the  expans ' ion  o f  ca t ion  res jn  vo lume to  40  f t3  (a
f i ve fo ld  inc rease) .  Th is  mod i f i ca t jon  is  expec ted  tophange the  charac ter  o f  the  waste  so lu t ion
by  adsorb ing  sod ium on the  ca t ion  co lumn,  re leas ing  H '  to  change the  ac id i ty  o f  the  waste  so lu -
t ion  en ter ing  the  po l i sh ing  co lumn.  Accord ing  to  labora tory  tes ts ,  the  po l i sh ing  co lumn as
modif ied is expected to absorb ant imony and effect further reduct ion of cesium and stront ium. A
process  f low d iagram is  shown in  F ' igure  G.2 .

In  the  prepara t ion  o f  th is  f iowsheet  and in  the  ana lys ' i s  o f  the  app l ica t ion  o f  th is  p rocess  to
specif ic l iquid waste sources, the staff  nrade several  ass^umptions concerning decontaminat jon
fac tors  ( !Fs)  and break through vo lumes fo r  var ious  ions .s '6  These assumpt ions  fo r  bo th  sys tems,
a long w i th  per t inent  re fe rences ,  a re  g iven in  Tab le  G.9 .

G.3 .2  EPIC0R I I  Sys tem

This system has been used to decontaminater AFHB water and is descr ibed ful ly in Appendix D.
Actual performance data for a batch of AFl iB water processed through this system,is shown in
Tab le  G.10.  The decontaminat ion  fac to rs  used to  eva lua te  EPIC0R I I  on  a  compara t ive  bas is  tha t
were  in fe r red  f rom these da ta  a re  shown in  Tab le  G.11.  A  process  f low d iagram fo r  EPIC0R I I  i s
presented  in  F igure  G.3 .
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c.3 .3  t lod i f ied  EPICOR I I

This system uses a zeol i te ion exchanger in place of the EPIcoR II  f i rst-stage pref i . l ter ion

;; ; i l6; ; . i ' ' i -J in."  the EPICgR II  cat ion exchange vessel is comparable in size to the cat ion

vessel in the modif ied SDS, and the size of the m-ixed-bed ion exchanges are also comparable, the
performance of this system should Ue comparable to the modified SDS. Therefore, the inferred

ierformance characterist'ics of this system are the same as those shown in Table G.9 for the

irodif ied SDS. A process f low diagram ior this system is shown on Figure G.4-

G.3.4 Zeo' l i te/Evaporat ion

The zeol i televaponat ion process consists of removal of  sol ids by f i l t rat ion (when necessary),

fol lowed by removal of  cesium and part  of  the stront ium and other radionucl ides by use of an

ino"g"ni .  ieol i te- ion exchanger.  the radionucl ides remaining after this step ale lemo^vgd by an

evapiration treatmeni p"o."ri. The relevant evaponator properties ar_e- given in Table G.12' The

performance character i i t ics of the mixed-bed ion exchangel us9! to pol ish condensate were assumed

to be the same as those shown in Table G.9 for the modif ied SDS systen. A process f low diagran

for this system is shown on Figure G.5.

G.3 .5  Zeo l i te /EPICOR I I

The zeol i te/EpICoR II  process consists of removal of  sol ids by-f i l t rat ion, fol lowed_by removal of

eesium and part  of  thi  stront ium by use of an inorganic zeol i te ion exchanger.  The--zeol i te

treatment reduces the radioact iv i t !  levels of the frocess stream for input to - the EPIC0R II

;y;6: EpIcgR I I  is an ion-exchaige system designed to process l - iquid waste with radionucl ide

c-oncentrat ions between 1 and 100 pCi/ml.  A proceis f low cl iagram is shown in Figure G.6'  and

assumed decontaminat ion factors are shown in Table G.13.

G.3 .6  SOS/EPICOR I I

The combinat ion of two complete treatment systems can be used, as demonstrated by the SDS/EPIC0R II

al ternat ive, to offset process character ist ics that may exclude ei ther proc€ss olone as a feasible

alternat ive. In this case, the SDS system may not proviOe adequate decon-taminat ' ion factors, and

the  rad ionuc l ide  concent ra t ion  o f  th isump 1 i lu ids  exceeds the  spec i f i ca t ion  fo r  in f luent  l iqu ids

to EpIC0R II .  The SDS system was discusied previous' ly in Sect ion G.1..1 and the EPIC0R II  system

was discussed in Sect ion G.3.2. A process ?tow Oiagiam for the combined systems is shown jn

Figure G.7 and combined decontaminat ion factors are shown in Tab' le G.14-

G.3 .7  Evapora tor /Res in

The evaporator, /resin process consists of evaporat ion fol lowed by treatment of the condensate by

use of a cat ion resin and a mixed-bed ion-exchange resin. The relevant evaporator propert jes and

the ion exchanger decontaminat ion factors are given in Table G.15. A f low sheet for this proces^s

is -g ioen in  F i -gure  G.8 .  F i l te ra t ion  wou ld  be i  p re l im inary  s - tep  to  d jmin ish  fo rmat ion  o f  foam.e

It  is assumed 6y the staff  that 0.1 percent of the radionucl ides contained in the condensate

stream wou' ld be caryied off  as aerosols or gaseous mater ial  that would have to be treated. The

vo' lume of this stream was not est imated, uu1 i t  should be possible to remove this mater ial  by

f i l t rat ion of the off-gases.

c. 3.8 Bi tumen/f les' !1

In  the  b i tumen/ res in  p rocess  a l te rna t ive , ' l i qu ids  wou ld  be  concent ra ted  by  evapora t ion  and d i rec t l y

incorpor"ted into bi tumen.11,12 The bi tumen product would be formed during the evaporat ion step

by mixing the waste stream with bi tumen. Thi evaporator condensate would be treated further by

ca t ion  and mixed-bed res ins .  A  f low d iagram fon  th is  p rocess  is  g iven  jn  F igure  G.9 .  The decon-

taminat ion factors and other relevant parameters assumed for the evaporat ion/b' i tuminizat ' ion step

and fo r  the  ion-e i .n ingu i teps  o f  th is  p rocess  are  g iven in  Tab le  G.16.  As  w i th  evapora t ion ,  i t

was assumed tnat-a gis"eous eff luent carrying 0.1 plrcent of the condensate would be formed'

G.3 .9  Summary

The systems character ized above are coml)osed of successive treatment stages or components, with

each stage contr ibut ing to the overal l  perfonman." oi  ine system. The peiformance parameters for

each comfonent in each system are summapized in Table G.17.
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The overall performance of a system can be characterized by the decontamination factor achieved
by all components in a systen. The overall decontanrination factors for all the treatment systems
considered are summarized in Table G.18. This table was used to determine the characteristics of
effluents that would arise when systems ape used to treat various liquid waste sources.

G.4 BASIS FOR PROCESS S0LID WASTE ESTII,IATES

Treatnent of liquid waste with the systems described above will lead to the generation of process
sol id waste. This waste wi l l  consist  of  expended zeol i tes, expended organic resins (cat ion and
mixed bed),  f i l ter cartr idges, evaporator bottons, and bi tuminized I iquids. The basis for est i -
mating the character ist ics of these wastes is discussed below.

G.4.1 Expended Zeol i tes

Ieolites are used for first-stage removal of gross amounts of cesium and strontium. For cleanup
of reactor bui lding sump water,  these water ion-exchange media are used in 

' lots of s ix vessels
containing I  f ts of  zeol i tes each. Thus, waste volumes were est imated in lots of 48 f t3 zeol i te
each. Each vessel was assumed to contain a minimum of 10,000 Ci and a maximum of 120,000 Ci.
The distr ibut ion of the Cs and Sr radionucl ides in the waste was obtained from the cur ie di f fer-
ent ial  across the ion-exchange vesse1s using the zeol i te decontaminat ion factors in Table G.9.

For l iquids other than reactor bui ' ld ing sump water,  the est imated' loading was 10,000 Ci per
vessel.  Hhere SDS-type systems were used, waste was generated in lots of s ix rressels,  but the
modif ied EPIC0R II  system was assumed to generate vesse' ls one at a t ime. The radionucl ide distr i -
but ions of Cs and Sr were obtained from curie di f ferent ials across the vessel using zeol i te
decontaminat ion factoro in Table G.9.

G.4 .2  0 rgan ic  Res ins

The organic resins that could be generated from treat lnent of ' l iquids with the EPIC0R II  system
were est imated from experience to date. This experience indicated that about 99.5 percent of the
act iv i ty was removed by the pref i l ter vessels and 0.5 percent was removed by the cat ion and
mixed-bed vessels.  0f  the 0.5 percent removed in the last two stages, i t  was assumed that 0.475
percent (95 percent) of  the act iv i ty was removed by the cat ion vessel.  The distr ibut ion of the
radionucl ides in EPICOR II  waste was inferred by assuming that the last two stages of an EPIC0R II
system had the same decontaminat ion factors as the cat ion and mixed-bed jon-exchangers in the
modi f ied  SDS (see Tab le  G.9) .

For SDS type systems, cat ion organic resins were assumed generated in lots of two beds each
(2 at 8 f t3 or 2 at 40 f ts) and mixed-bed vessels were generated in lots of one bed or 115 f t3
each. Vesse' ls were replaced based on cur ie loading, not breakthrough. The distr ibut ion of
radionucl ides in these wastes was determined from the cur ie di f ferent ial  across the vessels using
the  decontaminat ion  fac to rs  in  Tab le  G.9 .  For  mod i f ied  EPICOR I I  sys tems,  bo th  ca t ion  and mixed-
bed vessels were assumecl to be generated in lots of one bed each--3O fts for cat ion and 110 f tg
for mixed bed.

For other systems where organic resins were used for pol ishing, such as evaporator/resin and
b i tumen/ res in ,  the  po l i sh ing  t ra in  was assumed to  cons is t  o f  one 30- f ts  ca t ion  vesse l  and one
110- f ts  vesse l ,  and one vesse l  o f  each type was requ i red  fo r  d is t i l l a te /condensate  po ' l i sh ing .

G . 4 . 3  F i I t e ' i s

Fi l t rat ion was considered necessary for pretreatment of reactor bui lding sump water and RCS f ' lush
and drain water.

For reactor bui lding sump water,  f i l ter performance was based on the sol ids content of the rgactor
b u i l d i n g  s u m p  w a t e r  ( s e e  T a b l e  G . 4 ) ,  t h e  s i z e ,  a n d  t h e  a s s u m e d  f i l t e r  l o a d i n g  o f  2 . 8  x  1 0 - 1 m  p e r
c i .

For  RCS f lush  and dra in  water ,  i t  was  ass ;umed tha t  2  percent  o f  the  in f luent  cur ie  inventory  fo r
CS,  Sr ,  Ce,  Ru,  Co,  Te ,  Zr ,  and Nb wou ld  be  suspended so l ids  removab le  by  these same f i l te rs .
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G.4.4 Evaporalgr Bottoms

Evaporators were considered for f i rst-stage treatment of certain l iquids, as wel l  as for pol ishing.

For first-stage treatrnent, it was assumed that the volume reduction factor varied between 10 and
30 for chemici l -based l iqdiOs and was 100 for aqueous I iquids. The curie content and radionucl ide
distr ibut ion in the bott6ms was determined from the di f ferent ial  between the radionucl ide inven-
tory in the inf luent and that in the dist i l late. The gross concentrat ion of the bottoms was
obtained by dividing the bottoms radionucl ide inventory by the reduced volume.

G.4 .5  B i tumin ized So l  ig lg

An extruder/evaporator is considered for f i rst-stage treatment of certain l iquids. To charac-
ter ize the waste from this system, i t  was assumed that the volume reduct jon factor was 20 and
that one part  by volume of the evaporator bottons was combined with one part  asphalt .  Thus, 100
ga l lons  o f  in f luent  wou ld  p roduce 10  ga l lons  o f  b i tumin ized so l ids  cons is t ing  o f  5  ga l lons  o f
concentrated waste and 5 gal lons of asphalt .

The curie content and radionucl ide distr ibut ion in t l -  bi tuminized sol ids was determined from
the d i f fe ren t ia l  be tween the  rad ionuc l ide  inventory  in  the  in f luent  and tha t  in  the  d is t i l l a te .
The gross concentrat ion in the bi tuminized waste was obtained by dividing the bottoms radionucl ide
inventory by twice the bottoms vo'lume.

G.5 SUI$,IARY OF RESULTS

The l iquid and process sol id waste eff luents that could ar ise from treatment of TMI-2 l iquids
with var ious treatment systems were character ized by l iquid waste source. These character i-
za t ions ,  in  te rms o f  rad ionuc l ide  inventor ies ,  a re  p resented  be low.

The character ist ics of the process sol id waste character ist ics are based on the individual stage
decontaminat ion factors presented in Table G.17 and the assumptions described above in Sect ion G.4.

Charac ter is t i cs  o f  L iqu id  E f f luen ts  (p rocessed water )

Source Vol ume (gal ) Reference

RB Sump Water

RCS Primary System Water

RCS Flush & Drain t ' fater

RCS Aqueous Decon Solut ionsx

RCS Chemica l  Decon So lu t ionsx

RB Chemica l  Decon So lu t ions

700,000

96,000
250,000

100,000

500,000

40,000

T a b l e  G . 1 9

T a b l e  G . 2 0

T a b l e  G . 2 1

Same as Table
G . 2 0

T a b l e  G . 2 2

T a b l e  G . 2 3

*Mutual ' ly 
excl  usi  ve al  ternat i  ves
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Table C.2.  Estimated TMI-2 Liqufd Waste Summary

Source of Liquid Waste
Vol ume

(gal 1 ons )

Curie Inventory
In Untreated Liquid

Minimum Maximum

1.  AFHB chemica l  decon so lu t ions
2. Reactor bui lding sump water
3. RCS water
4. RCS f lush and drain water
5 .  Reactor  bu i ld ing  decon so lu t ions

(a) Water based
(b) Chemi ca' l

6.  RCS decon solut ionsb
(a) Water based
(b) Chemical

7 ,000
700,000
96 ,000-

250,000'r

150 ,0004
40,000

100 ,000:
500 ,000'

60
500,000
20,000

20,000

90
10

2,000

2,000

60

500,000
20,000

100,000

90
10

20,000

20,000

aProcessed water could be used for these cleanup act jv i t ies.

exc lus ive .  E i ther
decontaminat ion of

bTtr" RCS water-based and chemical decontaminat ion processes are mutual ly
water-based or chemical process wi l l  be used in the
RCS.

Tab le  G.3 .  Es t imated t loncent ra t ions  o f  D isso lved
Contaml n::tif Seli3品

::: :IS!3888,Sump Water

ｅ

ｅ

ｈ

ｈ

ｔ

ｔ

Contami nant

Sump Water

Concentrat:on

(PCt/mL) Contami nant

Sump Water
Concentration

(Hg/mL)

H。3

Cs-137

Cs-134

Sr-90

Sr-89

Zr-95

Nb-95

Ru-106

Sb-125

Te-125m

Te-127m

Te-129m

Ce-144

1-129

9 . 5 X

l . 6 X

2 . 4 X

2.

7 X

2 ×

l X

3 ×

2 X

5 X

5 X

2 X

2 ×

1 . 2 X

10‐■

102

101

6

10_2

10_5

10_5

10_3

10_2

10_4

10_4

10_4

10_3

10_5

2.8 X 10-2
3.3 × 10-5

1.2 X 103
2.O X 103

1.5 × 101

U

Pu

Na

B

Cl

Al

Ca

Cu

Fe

K

Li

Ni

P

Rb

S

Z n

０

０

　
　
　
０

１

１

　
　
　
１

３

０

０

８

４

６

３

　

　

９

１
一
１
一
　

・
　

　

　

・　
　
　
Ｘ
　
Ｘ
　
　
　
Ｘ

ｌ

　

　

ｌ

３

３

　

　

５

aThe reac tor  bu i ld ing  s ,ump water  vo lume is  700,000 ga11ons.
bF"or  R.E.  Brooksbank i rnd  ld .J .  Armento ,  "Pos t  Acc ident  C leanup
of  Rad ioac t iv i t y  a t  t t re  Three Mi le  Is lanc  Nuc lear  Power
Sta t ion , ' r  Oak R idge Nt r t iona l  Labora tory ,  0RNL/TM-7091,
February  1980;  and D.C l .  Campbe l l ,  Hot  Ce l l  S tud ies , "  Oak
Ridge National Laboral ;ory,  presentat ion to Centra' l
Pub l ic  Ut i l i t i es  and t l .S .  Dept .  o f  Energy  s ta f f  members ,
January 31, 1980, cort 'ected for decay.
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Table G.4.  Fヽ lterable Sollds ttn

Reac:♀rs:甘
iと|:8: iln19ど8と'S as

Radionucl ide

Sump Water

Concentrattton

(「Ct/g)

Cs-137
Cs-134
Nb-95

Zr口95

Ru。106

Ru-103
Ce-141

Ce-144

Co‐58
Co。60

Sr-90
Ag-110m
Sb-125

Te-127m

7.l X 10-1
1.l X 10-1

1.7 X 10-3
3.7 X 10-3
1.8 X 10-1
1.4 X 10-4
3.8 X 10-6

8.3 X 10-2

7.7 X 10-4

1.l X 10-2
8 . 6

5.9 X 10。 3

2 X 10-1

2.7 X 10-1

aTotal  sol ids = 13 x 103 kg
(assuming so l ids  conten t  o f
approximately 0.5%).

bF"or R. E. Brooksbank and
i. l .J.  Armento, rrPost-Accident

Cleanup of Radioact iv i tY at the
Three Mi le  Is land Nuc lear  Power
Stat ion," 0RNL/TM-7081, FebruarY
1980, comected for decaY.

Table G.5. Est imated Concentra-
t ions  o f  Contaminants  in  the

Reactor Coolant SYstem as
of September 1, 1980

Radi onucl i  de
Concentration

(PCS/mL)

H-3
Cs-137

Cs-134

Sr。90

Sr-89

Zr-95
Nb-95

Ru-106
Sb-125

Te―コ25m

Te-127m

Te-129m

Ce-144
Co-58

8 X 10-2

2.9 X 101

4 . 5

2.3 X 101

2 . 4

5 X 10-4

8 X 10-4

l X 10-1

4 × 10-3

6 X 10と 3

3 × 10-1

l x 10_3

3 X 10-2

2 X 10-4

aFrom :lTMI-2 号
ことこ BaSe Update,い

released by Argonne Nationa]

Laboratory, 」 .E. Robi n50n,

December 23, 1980. ｔ
替

ヽ
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Table G.6. Est imated Con-
centrations of Contaminants

in Reactor Coolant System
Flush and Ora in

Radionucl ide
Concentration

(μCギ/mL)

Cs-137
Cs‐134
Sr-90
Sr-89

Zr。95
Nb。95

Ru‐106
Sb-125

Te-125m

Te-127Hl

Te-129m
Ce-144

5.2 X 101
8 . 1

4.l X 101
4 . 3

9.O X 10-4
1.4 X 10‐ 3

1.8 X 10-1
7.2 X 10-3

1.l X 10-2

5。4 X 10。 1

1.8 X 10-3

5。4 X 10-2

aConcentrat ions based on maximust
inventory  o f  100,000 C i ,  w i th
rad ionuc l  ide  d is t r ibu t ion  the
same as primary system water'.

Tab le  G.7 .  Es t imated
Rad ioac t iv i t y  Conta ined in

So l id  Debr is  in  Reactor
Coo' lant System Flush
and Drain Water as of

September 1, 1980

Rad ionuc l  ide c::|::a

Cs-137

Cs-134

Sr-90
Sr-89
Zr-95

Nb-95

Ru‐106

Ce-144

Total

7.4 ×  101

1.5 X 101

1.5 X 102

1.2 X 101

7.2 ×  101

8.5｀X 101

2.5 X 102

1.4 X 103

～ 2,l X 103

aBased on as;sumption that
input strearry has been
f i l tered to '  remove essen-
t i a 1 1 y  a l l  o f  t h e  f u e l
debr js  p r io r  to  p ro-
ces  s  i  ng .
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Table G-9. Process Decontaminat ion Factors and Breakthrough
Volumes for Submerged Demineral izer Type Systemsa

Exchange l,laterial SDS Value Modified SDS Value

Zeol i tes

Breakthrough volumeb

Decontami nation factors

Cs
Sr
Other cations
Ani ons

Cation Exchange Resin (H+ form)

Decontami nati on factons

Cs

Sr

Ru

Ce

sb
Other cat ionsc

Ani ons

l'l i.xed-Bed

200 co lumn vo lumes 200 column volumes

5 x
8 . 5  x

1
1

8 fts volume

1

1

1

I

1

1

1

40 ft3 volume

10
3

3

2 . 5

1
1

1

４

２

０

０

１

１

４

２

０

０

１

１

ｘ
　
ｘ

「可
ｒ
ｌ
一

５

５８

Decontamination factors

Cs
Sr

Ru
Ce

I
sb
A1l  o ther  so lub le  spec iesd

"R"f"r"nces,

0 . 0 .  C a m p b e l l ,  E . D .  C o l I i n s ,  L . J .  K i n g ,  a n d  J . B .  K n a v e r ,  " E v a l u a t i o n  o f  S u b -
merged Demineral izer System (SDS) Flow Sheet for Decontaminat ion of H' igh-
Ac t iv i t y -Leve l -Uater .  a t  the  Three Mi le  Is land Un i t  2  Nuc lear  Power  S ta t ion , "
Oak Ridge National Laboratory, ORNL/TM-7448, July 1980.

R.E.  Brooksbank and W.J .  Armento ,  "Pos t -Acc ident  C leanup o f  Rad ioac t iv i t y  a t
the Three ! . l i le Is land Nuclear Power Stat ion," Oak Ridge Nationai Laboratory,
0RNL/Tl,l-7081, February 1980.

R.L. Schwoebel,  ' !The Managen:ent of Radioact ive Waste: Waste Part i t ioning as
an Alternat ive," PB-254737, pp. 307-323, 1976.

K.H.  L in ,  ' rUse o f  Ion 'Exchange fo r  the  Trea tment  o f  L iqu ids  in  Nuc ' lear  Power
Plants,"  Oak Ridge National Laboratory, 0RNL-4792, December 1973.

b"Breakthrough volume!!  is the process' ing vo' lume that necessitates replacement or
regenera t ion  o f  the  res ins ;  200 co lumn vo lumes fo r  a l l  da ta .

cExcept H+, Na*, and Li+.
dExcept H+.

２

　

２

　

２

　

２

　

２

　

１

２

６

　

２

　

５

　

２

　

２

　

０

２

０１
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Table G.10.  EPICOR― II Performance for Batch No. 41-― AFHa Water

Isotope
yCi/cc

Inf l  uent
PCt/cc

Effluent

Approxiniate
DF

H‐3

Cs-137
Cs‐134
Sr。90
Sr口89

1-129
Nb-95
Zr‐95

Ru。103
Ce-144

Ce。141
Co-58
Co-60
Ag-110m

Sb。125

Te‐125m

Te-127m

Te-129m

Ru。106

4.3 X 10。 2

5.6 X 101
9 . 2

5.9 X 10‐ 1

6 X 10-1
ND

l.9 X 10-5
1.2 X 10‐ 4

9.9 X 10-5
1.7 X 10-3

1.6 X 10。 S

2.l X 10。 4

8.7 X 10-5

1.8 X 10-5
1.2 X 10'3

2.7 X 10‐ 4

ND

ND

5.l X 10。 4

4,3 X 10-2
( 3.4 X 10-6

く 5 X 10-6
1.8 X 10‐ 6

8.6 X 10-6
ND

く 4 X 10-8
( 5。9 X 10。 8

( 9.4 X 10-8
く 8.5 ×  ■0-7
く 1.9 X 10-7
く 2.9 X 10-6
く 4.6 X 10-6
て 4.1 ×  10-7
く 3.l X 10-8

く 7 X 10-9

ND

ND
く 6.9 X 10‐ 7

・
Ｊ
ぱ
が
ｒ
ＮＤ
ぴ
ぴ
ｒ
ぴ
∬
・ｏ
・０
・０
∬
∬
ＮＤ
ＮＤ
ぴ

ND ― Not Detected.

Table G.■1. f:ic:l!88:]]!‐
:9s[8品占°rs Assumed

Decontami nat ion
Factor

ｓ

ｒ

ｕ

ｅ

　

ｂ

ｌ

Ｃ

Ｓ

Ｒ

Ｃ

Ｉ

Ｓ

Ａ

Radtonucllde

I  Other  So lub le  Spec ' ies

107

105

1031!8b
103

103

alnferred from EPICOR II  performance on AFHB
water.

b ln fe r red  f rom EPICOR- I  p rocess ing  exper ience.
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Table G.12. Decontaminat ion Factors, Volume Reduct ion
Factors and Breakthrough Volumes Assumed

for Zeo'l i telEvaporation Processi ng

Factor Val ue

Zeol i tes

Breakthrough volumea

Decontaminat ion factors
Cs
Sr
0ther cat ions
Ani ons

h
Evaporator-

Volume reduct ion

Oecontaminat ion factor
Ani ons
Al l  o ther  ions

Cation Exchange Resi!  (H+ form)

Decontaminat ion factors
Cs
Sr
Ru
Ce
sb
0 the r  ca t i onsL
An i  ons

Mixed-Bed

Decontaminat ion factors
Cs
Sr
Ru
Ce
I
s b A
Al l  o ther  so lub le  spec ies-

200 column volumes

100

10
3
3
2 . 5
1
1
1

４

２

０

０

１

１

Ｘ
　
Ｘ

一ｌ
ｒ
ｌ
一

５

５８

６

２

５

２

２

０

２

０１

３

４

０

０

１

１

a"Breakthrough volumerr is the processing volume that
necessitates replacement or regenerat ion of the
res ins ;  200 co lumn vo lumes fo r  a l l  da ta .  I

bF"or H.t l .  Godbee, ' rUse of Evaporat ion for the Treat-
ment  o f  L iqu ids  in  the  Nuc lear  Indus t ry , "  Oak R idge
Laboratory, 0RNL-4790, September 1973; and
American Nuclear Society,  "American Nationa' l
Standard Liqu' id Radioact ive l {ar; te Processing
System for P.ressurized Water Reactor P1ants,"
ANSINl99-1976,  ANS-55.  1 .

cExcept  H+,  Na+,  and L i+ .
dExcept H*.
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Table G.13. Decontaminat ion Factors and
Breakthrough Volume Assumed for

Zeol i te/EPICOR II  Process

Factor Val ue

Zeol i  tes

Breakthrough vo' lume

Decontamination factors

Cs

Sr

0ther cations

Ani ons

EPICOR I I

Decontami nation factorsa

Cs

Sr

Ru

Ce

I
sb

A l  I  o the r  so lub le  spec ies

200 column volumes

5 X 104

8.5 X 102

1

1

107

105

103

103

10b

103

103

alnferred from
blnferred from

EPIC0R II  performance on AFHB water.

EPIC0R I  p rocess ing  exper ience.
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Table G.14. Oecontaminat ion Factors and Breakthrough
Volumes Assumed for SDS/EPICOR II  Process

Factor Val ue

sDs
Zeol i tes

Breakthrough volume

Cs

Sr
0ther cations

Ani ons
Cation Exchange Resin (H+ form)

Decontamination factors

Cs
Sr

Ru

Ce

sb
0ther cat ions

An i  ons

Mixed-Bed

Decontaminat ion factors

Cs

Sr

Ru

Ce

I

sb
A1l  o ther  so lub le  spec ies

E P I C O R  I I

Decontami nat ion factorsa

Cs

Sr

Ru

Ce

I

5b

A l l  o t h e r  s o l u b l e  s P e c i e s

200 column volumes

5 x 1 0 4

9 . 5  x  1 0 2

1

1

I f t3 volume

2

2
2

2

2
1

2

107

10s

103

103

10b

103

103

a ln femed f rom EPICOR
bln fer red  f rom EPICOR

II performsnce on AFHB water.

I  p rocess ing  exper ience.
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Table G.15. Volume Reduct ion Factor and Decontaminat ion
Factors Assumed for Evaporat ion/Resin Process

Factor Val ue

Ey3Iora!9.I
Volume reduct ion

Decontaminat ion factor
Iodi  ne
Al ' l  o ther  ions

Cat ion  Exchange Res in  (H+ fo rm)

Decontami nat i  on factors
C s
Sr
Ru
Ce
sb
Other  ca t ionsc
An i  ons

Mixed-Bed

Decontami nat i  on factors
C s
S r
Ru
Ce
I
sb
A l l  o t h e r  s o l u b l e  s p e c i e s d

102a

18::

10

3

3

2 . 5

1

1

1

６

２

５

２

２

０

２

０１

aFactor  o f  100 fo r  water -based tn i luen ts .  For  chem-
ica l  decontaminat ion  so lu t , - ions  w i th  re la t i ve ly  h igh
so l ids /chemica l  con ten t  range o f  10  to  30  is  more
appropri  ate

bFor detergent wastes the decontaminat ion factors for
a1 ' l  spec ies  are  assumed to  be  100.

cExcept  H+,  Na+,  and L i+ .
dExcept H*.
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Table G.16. Oecontaminat ion Factors and
Volume Reduct ion Factors Assgmed for

Bitumen/Resi n Processo

Factor Val ue

Evaporation and Bitumenization

Concentration factor

Decontamination factors

Cs
Sr

Ru

I
B

Other cations

Other  anions

Catiqn Exchange Resin (H+ form)

Decontamination factors

Cs

Sr

Ru
Ce

sb
0ther  ca t ionsd

Ani ons

U11ed-Beq
Decontami nation factors

Cs

Sr
Ru

Ce
I

sb
A l l  o t h e r  s o l u b l e  s p e c i e s e

3 t o 2 0

2 x 103b

1 x 104b

102

102

L02

102c

102c

10
3
3

2 . 5

1

1

1

６

　

２

　

５

　

２

　

２

　

０

　

２

０１

aBased on  G.  Le f i l l a t re ,  "Progress  in  the
T e c h n i q u e s  o f  B i t u m i n i z i n g  L i q u ' i d  E f f l u e n t s
o f  Pressur ized  Water  Nuc lear  Power  P1ants , "
BNWL-TR-196, Irugust 1976.

bBased on CRNL/SUB-7g/L3837/2, "State of the
Art Review of Radioact ive l ' laste Volume
Reduct ion  Techn iques  fo r  Commerc ia i  Nuc lear
Power  P lan ts" .

cAssumed.

dExcept  H* ,  Na ' ' ,  and  L i+ .
eExcept  H+.
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Table G.22. Radionucl ides in Liquid Eff luents from
Treatment of RCS Chemical Decontamination Solutions

l,lajor
Radionucl ides

in Stream

Total Curies
of Radio-

act iv i ty  in
Infl  uent

Treatment Al ternati ves

Evaporation Bitumen
Res in  (C i )  Res in  (C i )

o o -  t D

H‐3

Cs-137

Cs-134

Sr-90

Sr-89

1-129

Zr‐95

Nb。95

Ru‐106

Ru‐103

Sb-125

Te-125m

Te-127m

Te‐129m

Ce。144

Ce-141

Co-60

Co-58

Ag-110m

Tctal

9.9 x 103

1.5 X 103

7.8 X 103

8.2 X 102

NA

l.7 X 10-1

2.7 X 10-1

3.4 X 10-1

NA

l . 4

2 . 0

l x 102

3.4 X 10-1

1.O X 101

NA

NA

6.8 X 10-2

NA

2 X 104

1 . 7

2.5 X 10。 ■

13

■.4

8.5 X 10。 2

1.4 X 10-1

2.3 X 10-4

1.4 X 10。 4

1 . 0

50

1.7 X 10-1

2.0 × 10-2

3.4 X 10-2

8.3 X 10-2

1.3 X 10-2

1.3 X 101

1.4 X 10-2

3.5 X 10。 4

1.4 X 10。 3

2.3 X 10-4

1.4 X 10-4

1.O X 10-2

5,O X 10-1

1.7 X 10-3

2.O X 10-2

3.4 X 10-4

NA means information not avai lab' le.

Table G.23.  Rad oヽnuclides in
of AFHB/Reactor Bu lヽ dtt ng

L iqu id  E f f l  uen ts
Decontami nat i  on

from Treatment
Sol  u t i  ons

Treatment Alternat ivesMajor
Radi onucl i  des

in Stream
Tota l  Cur ies
i n  I n f l u e n t

Evaporator/
Res i  n

Bi tumen/
R e s i n

Cs-137

Cs‐134

Sr-90

Tota]

9.● X 10-3

1.7 X 10-3

1,7 ×  ■0-3

4.9 X 10-4

8.3 X 10-5

1.7 X 10‐ 4

5 。9

1

7

10

10

10

ｘ
　
　
ｘ

　

ｌ

　

　

×
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APPENDIX H.  ENGINEERING CONSIDERAT10NS RELATED
TO IMMOBILIZAT10N OF RAD10ACTIVE WASTES

The pr imary waste streams from a radwaste rvater-treatment faci l i ty are l iquids containing concen-
t ra ted  rad ioac t ive  e lements ,  wet  so l id  wastes  and par t i cu la te  so l ids .  Immobi l i za t ion  o f  these
wastes  (e .9 . ,  to  a  mono l i th ic  fo rm)  may be  requ i red  pr io r  to  o f fs i te  sh ipment  and d isposa l .  Th is
immobi l izat ion step may be accomplished by a var iety of processes. The technologies cumently in
use are  app l ied  a lmost  exc lus ive ly  to  l iqu ids ,  s ludges ,  ion-exchange res ins ,  and s imi la r  water -
containing wastes. The character ist ics of four major systems are compared in Table H.1.

Cement  so l id i f i ca t ion  and b i tumen so l id i f i ca t ion  are  mature  techno log ies .  Cement  sys tems are
used worldwide; bi tumen systems have not been used in the United States, but are in use at sev-
era l  fo re ign  nuc lear  fac i l i t i es .  The charac ter is t i cs  o f  the  two sys tems are  summar ized in
Tab ' le  H.2 ;  d i f fe rences  are  d iscussed la te r .  The urea- fo rmaldehyde (U-F)  po lymer iza t ion  reac t ion
produces  a  comos ive  l iqu id  by-produc t ,  wh ich  is  a  ma jor  p rob lem wi th  tha t  sys tem.  Po ' l ymer ic
systems other than U-F based systems are being invest igated and their  development ' is cont inuing.

H..1 UREA.FORMALDEHYDE

Immobi l i za t ion  o f  rad ioac t ive  wastes  in  u rea- fs rmaldehyde (U-F)  i s  a  we l l -deve loped techno ' logy .
Several  U.S. companies market U-F systems that have been used extensively on wastes f :"om various
nuc lear  fue l  cyc le  sources , l  thus  prov id ing  many years  o f  opera t iona l  exper ience.

The U-F system is a polymeric process. There is no chemical react ' ion between U-F and the radio-
ac t ive  wastes .  The mat r ix  mater ia1s ,  a f te r  be ing  mixed w i th  rad ioac t ive  waste ,  a re  made to  fo rm
long-cha in  molecu les  o f  o rgan ' i c  po lymer  tha t  t rap  the  waste  w i th ih  the j r  s t ruc tu re .2  An ae id ic
ca ta ' l ys t  such as  HsP04,  NaHS0a or  H2S0a,3  wh ' i ch  ad jus ts  the  pH to  1 .5  t  0 .5 ,  i s  used to  ach ieve
po lymer iza t ion .  Add i t iona l  p rocess  mod i f i ca t ions  have been proposed to  reduce the  genera t ion  o f
l iqu ids  fo rmed in  po lymer iza t ion .  The e f fec t i veness  o f  these process  mod i f i ca t ions  have no t  been
fu l l y  eva lua ted  a t  th is  t ime.

H . 1 . 1  P r o c e s s  A l t e r n a t i v e s

The waste  and po lymer  a re  combined in  one o f  the  fo l low ing  types  o f  mixers :2  the  in - l jne  s ta t j c
mixer ,  the  in - l ine  mechan ica l l y  d r iven  mixer ,  the  in -drum compressed a ' i r  sparge mixer ,  o r  the
in -drum padd le  mixer .  For  in - l ine  mix ing ,  a f te r  a  good mix  o f  the  monomer  and waste  has  been
o b t a i n e d ,  t h e  m i x t u r e  i s  d e l i v e r e d  t o  a  d r u m  f o r  f i 1 1 i n g .  A s  f i l l i n g  t a k e s  p 1 a c e ,  t h e  c a t a i y s t
i s  added.  The mix tu re  w i l l  s ta r t  to  ge ' l  immedia te ly .  The ge1 t imes vary ,  depend ing  on  tem-
pera ture  and pH,  bu t  range f rom a  few minutes  to  severa l  hours .1 t3  po"  the  in -drum mix ing ,  the
catalyst,  polymer, and radioact ive waste are added to the drum and then mixed. l

H . I .2  Produc t  Formula t ions

Aqueous waste  so lu t ions  are  mixed w j th  the  U-F in  the  propor t ions  dependent  on  the  spec i f i c  was te
s t reams.  To  min imize  the  amount  o f  ca ta lys t  requ i red ,  d i lu te  so lu t ions  o f  s t rong ac ids  may be
used to  ad jus t  the  pH fo r  h igh ly  bu f fe red  so lu t ions ,  such as  par t ia ' l l y  neut ra l i zed  bor ic  ac jd .

U-F is  a lso  used to  encapsu la te  so l id  waste  mater ia ls  such as  f i l te r  s ludge and ion-exchange
r e s i n s .  T h e  w a s t e  s o l i d  i s  u s u a l l y  s l u r r i e d  w i t h  a  s m a l l  a m o u n t  o f  l i q u i d  w a s t e  b e f o r e  b e i n g
mixed w ' i th  the  U-F,  to  inprove bo th  the  hand l ing  proper t ies  and the  vo lumet r ic  e f f i c jency  o f  the
so l id i f i ca t ion  process .  Typ ica l l y ,  about  one vo lume o f  the  U-F ' i s  used fo r  each four  to  s ix
vo lumes o f  s ' lu r ry .  Because the  U-F and s lumy water  essent ia l l y  f i l l  the  pore  spaces  be tween the
s o l i d  p a r t i c l e s ,  l i t t l e  o r  n o  v o l u m e  i n c r e , l s e  i s  i n c u r r e d .

C e r t a i n  w a s t e s ,  i n c l u d i n g  s o a p  s o l u t i o n s  a n d
in  U-F.  However ,  mono l i th ic  sod ium su l fa t ra
to  less  than 10  wt  % sod ium su l fa te  be fore
prec ip i ta te  excess  su l fa te .  a 's

concentrated 30dium sulfate, are difficult to entrap

products can be obtaヽned using fresh U―F, by diluting
adding the UhF, ol・ by adding caiclum ch]orfde to

H-1
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Tab le  H.2 .  Summary  o f  B i tumenand Cement  Immobi l i za t ion  Sys tem Charac ter is t i csa

Character i  st i  c B i tumen Cement

Faci l i ty Performance
Drums processed/pl  ant-yr
Hours processed/pl  ant-yr
Capacity factor
Un i t  p rocess ing  t ime,  d rums/hr
Experi  ence

Eff l  uents
Di rect

Airborne (to environment)

Secondary radioact ive wastes,
vo'l ume/p1 ant-yr

.Trash
H E P A  f i l t e r s
Waste concentrate
Process  D i  s t i  I  I  a te
Scrap
0 i l  f i l t e r s

Indi rect

Heat
A i rborne  ( to  env i ronment )

U t i l i t y  R e q u i r e m e n t s ,
vo1 ume/pl  ant-yr

El ectr i  c ' i ty
Water
Process  a i r
Process steam

Personnel ,
man-yr/pl  ant-yr

h

Safety-
Chron ic  occupat iona l
Acute occupat ional
Chron ic  pub l  i c
Acute  pub l  i c

Product Character i  st i  csc

Average drum dose rate
Weight
Leach res is tance
Rad ia t ion  res is tance
Combust i  bi  I  ' i ty

Mechan ica l  shock  res is tance

2 × 106 MJ/plant―yr
12 ~ l X 10-6 。 f input

Oth普予 _ 3・? i岳_12put

1 × 10_4 。f input

l × 10_4 。f input

l × 10_13 。f input

M」/pl ant―yr
l × 10_6 。f input

l x 10_3

3 X 10-12

2,530

3,130
0。36
0.81

Proven

5,590

1,880
0.21

3 . 0

Proven

1 2 ~

H3 ~

Other ―

10 m3

3.2 ma

l m3

None

2.4 m3

None

R x 105

1 2 ~

H3 ~

Other ―

1 × 105

1 × 102

2 X 104

None

3.う

12 ~

H3 ~

Other ―

１

１

１

x  10-4  o f  inpu t
x  10-4  o f  inpu t
x  1 0 - 1 3  o f  i n p u t

３

３

３

３

３

３

ｍ

ｍ

ｍ

ｍ

ｍ

ｍ
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１
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１
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■
工
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い

ｍ

ｍ

郎
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ｍ
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的

０

０
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１

１

１

１

×

×

Ｘ

Ｘ

３

５

２

１

3 . 5

Exposure = 1
Poten t ia l  >  1
Exposure > I
Poten t ia l  >  I

800
Dose rate > (250)
450 kg/drum
Leach rate = 1
Rad ia t ion  res is tance =  1
Combust i  b l  e
P l  a s t i  c

Exposure  =  1
Po l ;en t ia l  =  1
Exlrosure = 1
Pot ;en t ia l  =  1

Dos;e rate = I
39t) kgldrum
Leach rate = 1
R a d i a t i o n  r e s i s t a n c e  =  1
Nor r -combust i  b l  e
Fri  abl  e

(Slightly)

(Slightly)

(S]ight]y)

"F"or  J .W.  Voss ,  "Compar ison o f  B i tumen and Cement  Immobi l i za t ion  o f  In te rmed ia te -  and Low-
leve l  Rad ioac t ive  Wastes , "  in  "Waste  Management ,  '79 , "  Proceed ings  o f  the  Sympos ium on | . las te
l ' lanagement held at Tucson, Arizona, February 26-March 1, 1979.

bchronic and acute exposures are ranked here as
occupat iona l ,  these quant i t ies  a re  expec ted  to
one.

tTh"  doru  ra te  o f  the  cement  p roduc t  i s  ass igned a  va lue  o f  one.  The b i tumen produc t ' i s
expec ted  to  be  subs tan t ia l l y  h igher ,  and is  l j s ted  as  be ' ing  grea ter  than one.  The ' leach and
rad ia t ion  res is tances  o f  the  produc t  a re  es t imated  to  be  equa1,  and are  l j s ted  as  be ing  one.

one fo r  cement .  For  b i tumen,  except  fo r  chron ic
be ia rger ,  and are  l i s t r rd  as  be ing  grea ter  than
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A number of mater ials can be added to the U-F formulat ion to improve i ts strength or leaching
character i  st i  cs.  6

H.1.3 Product Propert ies

The proper t ies  o f  the  so l id i f ied  waste  depend on  the  amount  o f  l iqu id  and, /o r  so l id  immobi l i zed
wi th in  i t re  U- f .  In  an  open sys tem,  the  so l id  read i l y  loses  l iqu id  by  evapora t ion  a t  the  sur face .
Some drying of the product d-oes not affect the mechanica' l  integr i ty of the block, but the sol id
may become fr iable i f  completely dehydrated.

The propen ' l y  so l id i f ied  U-F produc t  i s  a  homogen=ous mono l i th ic  so l id .  I t  has  a  dens i ty  s ' l i gh t l y
greater than water. l  General ly,  as the rat io of l iquid to U-F increases, the product strength
decreases  and leachab i l i t y  inc reases .T  Dur ing  immobi l i za t ion ,  no  de tec tab le  exo thermic  reac t ion
occurs  tha t  migh t  cause rad ionuc l ide  vo la t i l i za t ion .2  U-F so l id j f ied  produc ts  a re  no t  cons idered
f lammable because of their  water content.

Free  s tand ing  l iqu id  i s  a lways  observed in  U-F waste  fo rms.  The quant i t y  o f  f ree ts t ina ing  l iqu id
increases  over  a  per iod  o f  t ime as  the  U-F po lymer iza t ion  cont inues ,  and a lso  is  a  func t jon  o f
the  waste /U-F ra t io  employed.s  Free  s tand jng  l iqu id  in  U-F has  essent ia l l y  the  same concent ra t ion
of  Cs- l37 ,  Co-50,  and Fe-59 as  the ' inpu t  was te  s t ream,  independent  o f  was te /U-F ra t io .  A  smal ' l
decontaminat ion factor has been observed in t ,he case of stront ' ium.8

Free s tand ing  U-F ' l iqu id  has  a lso  been observed to  be  ac id ic ,  hav ing  approx imate ' l y  the  same pH as
the  waste /U-F mix tu re  a f te r  ca ta lys t  add i t ion .  Th is  has  resu l ted  in  cases  o f  rap id  cor ros ion  o f
steel containers and premature loss of container integri ty.

H.1 .4  Summarye

Usefui  features of the
fol  I  ows:

.  The U-F and ca ta lvs t

U-F radwaste  so l id j f i ca t ion  sys tems tha t  make i t s  use  a t t rac t i ve  a re  as

can be  s to red  as  l iqu ids ,  and t t "ans fered  by  s imp le  pumping ,

.  The sys tem uses  in - l ine  ra ther  than powered mixers ,

.  The system is adaptable to use of air  sparge mixing systems,

.  Vo lumet r ic  packag ing  e f f i c ienc ies  are  genera ' l1y  in  the  range o t  55%Lo 65%.

Prob ' lems w j th  the  use  o f  U-F  as  a  radwaste  so l id i f i ca t ion  agent  a re :

.  U-F is a condensate po' lymer; water is produced as a by-product of po' lymerizat ion,
and this water becomes contaminated by the waste and is corrosive.

.  U-F  phys ica l l y  encapsu ' la tes  the  waste ;  there fore ,  the  waste  is  no t  chemica l l y  bound,  the
U-F mat r ix  i s  sub jec t  to  shr inkage,  and waste  l iqu id  i s  re leased f rom the  mat r ix  due to
s hr i  nkage.

.  T h e  s o ' l i d j f i e d  p r o d u c t  i s  n o t  o f  u n i f o r m  q u a l i t y ;  m i x i n g  r a t i o s  a r e  d i f f i c u l t  t o  c o n t r o l ;
the  ac id  ca ta lys t  must  be  un i fo rmly  mjxed;  and f ree  ac id  w i l l  a t tack  sh ipp ing  conta iners ,
caus ing  leakage.

.  Agent  has  a  shor t  she ' l f  l i fe ;  an  inc rease in  the  v iscos i ty  occurs  w i th  age and th is  decreases
the  agent  feed ra tes  dur ing  po lymer  add i t ion  to  the  waste .

T h e  o v e r a l l  c o n s j d e r a t i o n s  w i t h  r e g a r d  t o  u s e  o f  t h e  U - F  s o l ' i d i f j c a t j o n  s y s t e m  a r e  t h a t  i t ' i s  t h e
l o w e s t - c o s t  c h e m i c a l  s o l i d i f i c a t i o n  a g e n t  p r e s e n t l y  a v a i l a b l e ,  i t s  p r i c e  j s  c o m p e t i t i v e  w i t h
cement  and add i t i ve  sys tems a t  cur ren t  p r ices .  However ,  even though the  f ree  l iqu id  may be
dra ined,  subsequent  genera t ion  o f  l iqu id  v r i l ' l  con t inue.  I t  i s  un l i ke ly  tha t  cur ren t  U-F  produc ts
can meet  f ree  s tand ing  l iqu id  c r i te r ia  a1 [  the  commerc ia l  low- ]eve l  d isposa l  s i tes .  Thus ,  th is
a l t e r n a t i v e  h a s  l ' i t t l e  p r a c t i c a l  a p p l i c a t i i o n  t o  T M I .

ここと≧二五≧ ミ登



H.2 CEIIENT IMI4OBILIZATION

Cement  so l id i f i ca t ion  o f  rad ioac t ive  wastes ,  bo th  w i th  and w j thout  add i t i ves ,  has  been common
pract ice internat ional ly for many years in order to simpl i fy transport  and storage and to reduce
the possibi l i ty of  release of radionucl ides to the environment.  Port land cements are most com-
mon ' ly  used fo r  wet  so l id  waste  so l id i f i ca t ion ,  a l though h igh-a lumina and pozzo lana cements  a re
a lso  used.

Cement normal ' ly is used with an inert  aggregate to form concrete, and the nature of the aggregate
largely determines the strength of the concrete. Cement blocks prepared from waste concentrates
and s ludges  w i l l  genera l l y  have less  s t rength  than convent iona l  concre te .  The s t rengt i ' ' i s  par -
t iculanly dependent on the total  sal t  content of the waste solut ion and of the cement block. A
fa i r l y  nar row range ex is ts  fo r  the  descr ibed va lues  o f  the  ra t jo  o f  bas ic  and ac id ic  ox ides  in
the f inal  product.  I f  tht :  rat io is reduced too much by the const i tuen+-s of the waste, the
s t rength  o f  the  cement  b lock  w i l l  decrease s ign i f i can t ly .  Poor  mechan ica l  s t rength  can resu l t  in
cnack ing  and spa l l ing  o f  the  cement ,  thus  inc reas ing  the  sur face  area  ava i lab le  fo r  poss ib le
I eachi ng.

The cement  sys tems tha t  a re  commerc ia l l y  ava ' i lab ' le  use  ex terna l ,  in -1 ine ,  o r  in -conta iner  mixers .3
Each supp l ie r  o f  commerc ia l  cement  sys tems o f fe rs  var ia t ions  in  p rocess  equ ipment ,  immobi l i za t ion
agent and addit ives.

H . 2 . 1  P r o c e s s  A l t e r n a t i v e s

| . le t  so l id  wastes ,  o r  l iqu ' id  wastes ,  can  be  mixed w i th  cement  e i ther  by  an  in - l ine  or  an  in -drum
process .  The bas ic  d i f fe rences  be tween the  two process  approaches are  i l l us t ra ted  in  s imp l i f ied
form in  F igure  H.1 .  For  the  in - l ine  process ,  cement  and wet  waste  are  in t roduced in to  the  mixer /
feeder  un i t  fo r  in t imate  mix ing .  D ischarge o f  the  mix tu re  to  the  so l ' id i f i ca t ion  conta iner  i s  the
f ina l  s tep  a f te r  mix ing  has  been accomp' l i shed.  For  the  in -drum mix ing  sys tem,  d rums are  grav i -
met r ica l l y  p re f i l l ed  w i th  cement  and a  mix ing  we ' igh t  added.  The drums are  t rans fer red  to  the
w a s t e  f i l l  m i x i n g  s t a t i o n ,  f i ' l l e d  w i t h  w a s t e ,  c a p p e d  a n d  m i x e d .  A  s e c o n d  f i l l i n g  p r o c e d u r e  i s
o f fe red  to  improve drum capac i ty  u t i l i za t ion  to  more  than 75% capac i ty  l im i t .

The so l id  waste  mater ia ls  a re  p re-cond i t ioned w i th in  a  waste  tank  to  p rov ide  proper  waste  chem-
is t ry  and su f f i c ien t  mo is tu re  fo r  mix tu re  w j th  the  dry  cement .  B ' ind ing  agents  such as  por t land
type I I  o r  type  I I I  cement ,  o r  sod ium s i l i ca te  in  e i ther  d ry  o r  f iqu id  fo rm,  a re  in jec ted  by
means of a separate feed system.

The cont inur rus  in - l jne  mixer  approach o f fe rs  severa ' l  advantages .  F i l l i ng  i s  rap id ,  an  empty
conta iner  ean be  f i l l ed  a t  approx imate ' l y  1 .5  cub ic  foo t  per  mi , :u te .  The in - . l ine  sys tem permi ts
f i l ' l i n g  o f  b o t h  5 5 - g a f i o n  d r u m s  a n d  l a r g e - v o l u m e  c o n t a i n e r s ,  a n d  a l s o  p e r m i t s  r a d i o a c t i v e  f i l t e r
car t r idge  packag ing  fo r  d ' i sposa l ,  bu t  invc lves  a  mjxer  feeder .  For  an  in -drum sys t .em,  cyc le  t ime
in the drum stat ion is about two or three drums per hout".

Cer ta in  coat ing  mater ia ls ,  such as  po lymers  or  b i tumen,  can be  app l ied  to  cement  to  cover  o r  f i l l
the  pores  and thus  lower  the  leach ra te .  Soak  techn iques  have been deve loped a t  Brookhaven
Nat iona l  Labora tory lo r l l  1s ' impregnate  the  pores  o f  concre te  w j th  a  s ty rene monomer  wh jch  is  then
po lymer ized in  s i tu  by  heat ing  to  50"  to  /0oC.  Th is  sys tem has  been demons+. ra ted  to  be  e f fec t i ve
fo r  the  immobi l i za t ion  o f  h igh- leve1 t r i t ; ja ted  aqueous waste  in  po lymer - impregnated  concre te . l2
Sha les  a lso  can be  added to  improve Cs lee tch  ra tes .

H . 2 . 2  P r o d u c t  F o r m u l a t i o n s

The op t imum propor t ions  o f  cenent  and waste  vary  w ' i th  type  o f  was te  to  i ,e  jmmobi l i zed .  Max imum
waste  conten ts  a re  typ ica l l y  75  wt% fo r  so l id  waste  mater ia ls  o r  33  wt  % fo r  aqueous so lu t ions
and s lu r r ies .  Cements  requ i re  a  min jmum propor t ion  o f  water  to  ob ta in  a  workab le  mjx ;  m in imunt
water , /cement  we ' igh t  ra t ios  a re  about  0 .22  and 0 .25  fo r  h igh-a ' lumina and por t iand cements ,  respec-
t i v e l y .  S o m e  w a s t e  s o l i d s  ( e . g . ,  f e r r i c  a n d  a l u m i n u m  h y d r o x i d e  s l u d g e s ,  f i l t e r  s i u d g e s ,  z e o l i t e s ,
and ion  exchange res ins)  w i l l  absorb  or  re ta ' in  la rge  amounts  o f  water .  i ' l a te r  must  be  supp l ied
wi th  the  so l id  to  p revent  these wastes  f rom sequester ing  the  requ i red  water  f rom the  cement  and
produc ing  a  d ry ,  unworkab le  mix .

Excess  water  w i l l  resu l t  in  a  layer  o f  f ree  water  on  the  sur face  o f  the  so l id i f ied  produc t .
Absorbents  such as  vermicu l i te  can be  adr led  to  the  cement  to  inc rease the  amount  o f  water  tha t
can be  so l id i f jed .  l , / i thou t  absorbents ,  l :he  max imum water /por t land cement  we igh t  ra t io  i s  about
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0.5 ;  w i th  venmic i l i te ,  d ia tomaceous ear thn  or  s im i la r  absorbents ,  the  max imum weigh t  ra t io  can be
as  h ig t r  as  0 .7  to  1 .1 .  For  cement  so l id i f i ca t ion ,  f ree  s tand ing  water  i s  avo idab le .  Min imiza-
t ion of f ree-standing water is pr i rnar i ly a matter of  proper select ion of the waste/binder rat io,
taking into account the water content of the waste.

L imi ted  amounts  o f  o rgan ic  l iqu ids  can be  incorpora ted  in  cement  by  add i t ion  o f  a  d ispers ing
agent .  Aqueous concen l , ra tes  conta in ing  up  to  15*  d ispersed organ ic  t iqu id  have been so l id i f ied .6
Smal l  amounts  o f  o rgan ic  l iqu ids  absorbed on  vermicu l i te  can a lso  be  incorpora ted  in  cement .

Typical  publ ished waste/cement formrr lat ions are presented in Table H.3. The data show that
soiutes of waste solut ions and slurr ies can be incorporated in cement products at sal t /cement
we igh t  ra t ios  up  to  about  0 .5 ,  a l though the  more  typ ica l  ra t ios  a re  about  0 .15  to  0 .3  Typ ica l
fo rmula t ions  o f  the  pont land cement -sod ium s i l i ca te  p rocess  are  shown in  Tab le  H.4 .

H.2 .3  Produc t  Proper t ies

For radwaste/cement immobi l izat ion processes the character ist ics of each waste must be considered
ind iv idua l l y  because o f  the  poss ib le  in te rac t ion  be tween the  waste  cons t i tuents  and the  cement .
One such interact ion is the effect on the sett ing of the cement matr ix.  Sett ' ing may be unaffected,
accelerated or retanded by the waste components. For example, bor ic acid retards the sett ing of
port land cement and i f  suff ic ient bor ic acid is added, the cement may never harden. The degree
to which the waste interacts with the cement depends both upon the amount of the interact ing
cons t i tuent  and the  manner  in  wh ich  i t  i s  added (e .g . ,  so l id  sa l t  add j t ' i on  as  opposed to  sa l t  in
s o l u t i o n ;  m i x i n g  m o d e ) .

Spec ia l  add i t i ves  can be  used to  improve the  se t t ing  proper t ies  and/or  the  vo lumet r ic  e f f i c iency
o? the  cement ing  process .  Sod ium s i l i ca te ,  added as  a  concent ra ted  so lu t ion  a t  about  l0% o f  the
waste  vo lume,  ha l  shown cons iderab le  p rom' ise  fo r  i :h is  purpo . " .5 r13  Not  on ' l y  does  sod ium s i l j ca te
prov ' ide  a  good se t  fo r  bor ic  ac id  so lu t ions ,  i t  a lso  lowers  the  vo lume- increase fac to r  f rom
about  2  w i th  convent iona l  cement  fo rmula t ions  to  about  1 .4  when so l id i fy ing  reac tor  was te  con-
cent ra tes .  The sod ium s i l i ca te  fo r inu la t ions  are  des igned to  rn in imize  waste  produc t  vo lumes and
are  no t  in tended to  p roduce h igh-s t rength  produc ts .  Dens i t ies  o f  the  produc ts  w i th  sod ium s i l i -
ca te  add i t i ves  are  in  the  range o f  1300 to  1500 kg lm3.  0 ther  so l id i f ied  produc t  dens i t ies  range
frem about 1500 to 2000 kg,/m3, depend' ing pr imari ly on water content.

I t  was demonstrated that boron-containing radwaste sludge (36,000 ppm boron) from P|. lR's can be
incorpora ted  jn to  cement  by  add i t ion  o f  s laked l ime because in  the  presence o f  su f f j c ien t  ca lc ium
the fo rmat ion  o f  t r i -ca ' l c ium a luminate  is  no t  inh ib i ted  by  the  bor ic  ac id .14  0 ther  add i t i ves ,
l i s ted  in  Tab le  H.5 ,  were  de termined b .y  labora tory  exper iment  to  a lso  ovcrcome the  inh ib i t ing
proper t ies  o f  bor ic  ac id .

Cement  i s  an  open-ce l l  s t ruc tu re  h recause o f  the  poros i ty  tha t  deve lops  wh ' i le  the  cement  cures .
As  such,  ' i t  i s  permeab le  to  water  and suscept ib le  to  rad ' ionuc l ide  loss  by  leach ing  and exchange.
Cer ta in  i so topes  are  more  f i rm ly  f i xed  in  the  cement  mat r ix  than o thers ,  and are  less  leachab le .

S t ron t ium,  coba l t ,  ra re  ear ths ,  p lu ton ' ium and amer ic jum are  t igh t ly  bound,  whereas  ces ium js  less
t igh t ly  bound.  However ,  cer ta in  spec ies  o f  c1ay ,  such as  benton i te  and Grund i te  (commerc ia l  name
fo i  a  type  o f  i l l i te  c iay) ,  can  be  addec l  to  the  fo rmula t ion  to  improve the :es ium re ten t ion .6
Leach ra tes  rang ing  f ron  2  x  10-e  to  0 .1  g /cn2-day ,  based on  s tud ies  w i th  rad ' ioac t ive  t racers ,
have been measured fol  cement.  The leach rate depends on factors, inc' luding the tracer used, the
leachant ,  the  waste  type ,  and the  cement -waste  fo rmula t ion . ls '16

An exper iment8  was conducted  jn  wh ich  por t land cement  was used employ ing  waste /b inder  ra l ios  tha t
resu l ted  in  the  presence o f  f ree  s tand ' ing  water  tha t  had essent ia l l y  the  san le  concent ra t ion  o f
Cs- .137 as  the  input  was te  s t ream;  however ,  s ign i f i can t  decontaminat ' ion  occurs  w i th  Sr -85  and
Co-50, presumably due to ion exchange effects ' in the cement.

The r "ad ja t ion  s tab i l i t y  o f  cement  jn  sonte  cases  is  exce l len t .  No de ter io ra t ion  in  s t rength  or
leachabi ' l i ty occurs at an integrated dose of 10e rads (Co-60 gamma rays) for cement products
conta in ' ing  up  to  30  wt  % sod jum n i t ra te . lo  A l though the  presence o f  water ,  n i t ra tes  and o ther
rad ia t ion-uns tab le  compounds can c rea te  gaseous rad io lys is  p roduc ts ,  th is  i s  no t  a  ser ious  prob-
lem because the  gases  produced are  absorbed in  the  porous  cement  mat r ix .6



T a b l e  H . 3 .  T y p i c a l

H - 9

Cemetit/Radwa ste Formati ons

}laste Type

lleight Ratio of l . laste Consti tuent to Cement

Dry Waste Salt Total Hater

25 wt% Na2s0aa

70 wt% NaNO3 slurryb'c

30 wt% NaN03 solut ionb'c
Neutral i zed HN03-AI (N0:) :d
20%-25% water treatrnent s1 udgeo'e

309,.-409,, evaporator s1 udgef
Conc, BIJR reactor waste9'n
400 g/L evaporator concentrated

SOLUTIONS

0 .  1 2

0 . 5 2

0 . 1 5

0 .  37

0 .09 -0 .  17
0 .28 -0 .35

0 . r 7
0 .33 i

AND SLURRIES

O。37

0.22

0。35

0,37

0,27-0.51

0.42-0.53

0.51

0。70

l , leight Ratio of Waste Consti tuent to Cement

Dry S01id Basis

Solid      Water

Wet Solid Basis

Solid     Water

Wt% Water in

Wet Sludge

Acid digest'on process residue」

A1203~Zr02 CalCineb'C

Fly ashb'C

Fe/Al hydroxtde sludgeb'C

Diatomaceous earthb'C

Linde AW-500 zeoliteb'C

Amberlite 200 cation resinb'C

SlllR bead resins, recommended9'k

BWR bead reslns, range9'k

BWR filter sludge, recommendedg,1

BWR filter sludge, rangeg,1

0.12

2.4

0.33

3 . 1

0。42

1.21

↑.83

0,25

0 . 2 5 - 1 . 0

0.26

0,04-0,28

0。37

0.25

0,30

2 . 0

1 . 1

1 . 0

1 . 1

0.56

0,45-1,3

1.19

0.43-1.3

SOLIDS AND WET

4 . 9

1 , 3

2 . 0

1 . 7

0.51

0.51

SLUDGES

O.22

0。25

0,23

0.23

0,31

0.94

50

67

39

～ 50

50

50

50

50

aFro in  H. t .J .  Heacock  and J .H.  R iches ,  "Waste  So l id i f i ca t ion  -  Cement  o r  Urea-Formaldehyde, "  Paper
74- l lA lNE-9  presented  a t  the  Amer ican Soc ie ty  o f  Mechan ica l  Eng ineers '  | , l i n te r  Annua l  Meet ing ,
New York, November L7-22, L974.

bFrom Brookhaven Nat iona l  Labora tory  Progress  Repor ts  fo r  "Deve lopment  o f  Durab le  Long- te rm
Radioac t ive  Compos i te  Mater ia ls , "  Repor t  Nos .  I  th rough 10 ,  Upton ,  New York ,  Ju ly  1972 th rough
Apr i l  1975.

cFrom Brookhaven Nationai Laboratory Progress Reports for "SRL Long-term Waste Storage Supporr
Progress , "  Repor t  Nos .  I  th rough 8 ,  Upton ,  New York ,  Ju ly  1973 th rough Januarv  1975.

dFrom "Treatment  o f  Low-  a r :d  In te rmed ia te - leve l  Rad ioac t ive  l las te  Concent ra tes , "  Techn ica l
Repor t  Ser ies  No.  82 ,  S I I /D1C/10/82 ,  In te rna t iona l  A tomic  Energy  Agency ,  V ienna,  Aus t r ia ,  1968.

e M i s c e l l a n e o u s  f l o c c u l a t i n g  a n d  s c a v e n g i n g  a g e n t s .
fF rom R.H.  Burns ,  "so l id i f i ca t ion  o f  Low-  and In te rmed ia te - leve l  Has tes" ' '  A tomic  Energy  Rev iew
9 : 5 4 7 - 5 9 9 , 1 9 7 L .

9From H.L .  Loy  and D.C.  Saxena,  "Process ing  and Packag ing  o f  So l id  Wastes  f rom B l , lR 's , "  in
"Proceed ings  o f  the  Th i rd  In te rna t iona l  Sympos ium on Packag ing  and Transpor ta t ion  o f  Rad ioac t ive
M a t e r i a i s , "  h e l d  i n  R i c h l a n d ,  l , l a s h i n g t o n ,  A u g u s t  L 5 - 2 0 , 1 9 7 I ,  C 0 N F - 7 1 0 8 1 ,  V o l .  I ,  p p .  4 7 8 - 4 8 9 ,
U.S.  A tomic  Energy  Conmiss ion ,  [ , , lash ing ton ,  DC,  1971.

nAssumed to  be  r  25% so< l ium su l fa te .
i P l u s  0 . 1 3  k g  o f  v e r m i c u l i t e  p e r  k g  c e m e n t .
iF rom "Conrnerc ia l  A lpha Waste  Program quar te r ly  Progress  Repor t ,  0c tober -December  1974, "  HEDL-TME

74-41,  C.R.  Coo ley ,  compi le r ,  Hanford  Eng ineer ing  Deve lopment  Labora tory ,  R ich land,  l l l ash ing ton ,
February 1975.

kPreneut ra l i zed  w i th  sod ium hydrox ide  to  p revent  swe l l ing  and c rumbl  ing .
l C " l l u l o u .  f i b e r  f i l t e r  a i d ,  p o w d e r e d  r e s i n s ,  e t c .
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キ|:al:gWastes with Portland

Wefght Ratio

9f Waste to
Sol dヽi fyi ng              V。 lume

Agents             lncreaSe Factor

l{aste Type w::者e     岳:t:ib     s村半i::te     普iキ|:皆te
Bead res ins  (50  wt% water )  0 .77  1 .1  1 .04  1 .00

Powdered res in  s ludge (50  wt% water )  0 .81  1 .3  1 .03  1 .19

0iatomaceous earth (60 wt i [  water) 0.54 2.1 0.77 1.54

10 wtX bor ic  ac id  0 .11  0 .99  1 .46  L-gZc

25 Yt9,,  Na2SOa 0.46 1.4 1.33 L-92

a"Alternates for t lanaging Wastes from Reactors and Post-Fission Operations in the
LttR Fuel Cycle," ERDA 75-43, Energy Research and Development Administration,
tlashington, 0C, ilay 1975.

bExcludes water  added wi th  sodium s i l icate so lut ion.
cFree water is absorbed at this formulation, but the cement remains soft.

Table H.5.  Porili]dI骨
R‖81ti合3m:|:‖ ど景is::aOVercome 8oric

Chemical Formula Common Name Gram Molecular Weight

NaOH                 CaustiC soda                         40.0

CaO                  Calcium oxide                        56.1

Ca(OH)2              Slaked llme                          74.1

Na2C03               WaShing soda                        106.0

Na2S 0`3              (Metal)SOdium sヽ licate             122.1

"F"om Ji l .  Brownstein, "Radtyaste Sol idi f icat ion with Cement,"  in "Waste

l ' lanagement '79," Proceedings of the Symposium on Waste Management
held at Tucson, Arizona, February 26 to I ' larch 1, 1979.
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Also, portland type II cement waste forms containing BtlR precoat filter cake with diatomaceous
earth islunry) wEi.e prepared and exposed to Co-50 gaima radiation,.and llp eJtec_t of irradiation
on the subsequent iuittriniiiti of ieJium ana stroiiium was deterinined. ls Total doses of 10s
to 108 rad wdre emDloved. An-exposure rate of 1.3 x 106 R/hr was used. Imadiation appeared to
have no effect on'thd rate of cLsium or strontium release from portland type II cement waste
form.

Because of the conplex chemistny involved in cement sqlidification, laboratory tests are recom-
mended fon each new waste requir ing solidif ication.

H.2.4 Surmany of Cement Solidif ication System

Features of cement/radvaste solidification systems that make its use attractive are as follows:

. Can produce a monolithic structure of adequate strength with no free liquid,

. Adaptable to reliable, easily operated, and proven processing systems,

. l{ay produce a honogeneous reproduc'ible product from batch to batch without extensive
modification to the operations system,

. Can be designed into an operating systen so that the operating environmeni is non-
explosive, non-flammable and free from other chenical hazards'

Can be designed to use in-l iner mixing without expensive processing equipment.

Problem areas which have been reported are as follows:

. Diff iculty with mixing equipment,

. Diff iculty with dusting and spread of cement to f loor drains'

. Batch type systems require greater personnel experience during filling
t ions,

. Diff iculty in cleaning mixing equipment; use of excessive f lush water
menL and sp i l ls ,  and

. Reduced packaging efficiencY.

Considerations for the use of cenent sol idif ication systems are:

and capping opera-

for c leaning equip-

.  Complex equipment is not required,

. ilost systems offered are fully automatic and remotely operated and meet current ALARA
cri teri  a,

. Cement offers greater self-shielding, which al lows for reduced transportation and
disposal costs,

. Inexpensive addit ives are available to insure complete sol idif ication with-highly concen-
tratld salts that are produced by waste volume reduction systems and to improve leach
rates.

H.3 BITUI,IEN IIISIOBILIZATION

Bitumen is a term used for a mixture of high-molecular-weight hydrocarbons found in natural beds
Uut more commonly obtained as a residue in petro' leum or coal-tar refining" -Bitumen has centajn
propert ies giat ire advantageous for immobitr izing low- and intermediate-leve' l  radioactive wastes.
it is chemically inert, insoluble in water, has goo_d coating pro_perties an-d pos.sesses a degre_e rf
piasi i i i t i  and 

-elasticity. 
These propert ies.have^1ed to several ! [Rlication! in foreign nuclear

?acit i t iei,  but the use bt Uigumen'in'the United States has been l imited to laboratony and pi lot
olant deveiooment studies.le-31 Several t1'pes of bitumen are available. They are obtained by
[i"" i t--Oittt i lat ion of petroleum, air- injeit ion ox_idation 9f p_e_trg.leum oils (blown bitumen), and
;;xgki"g of heavier fra'ct ions (ciacked bitumen). Direct dist i l lat ion bitumen is the most_widely
ur"A. 6lo*n bitumen is opre r idiat ion res' istant but has a 

' lower ignit ion temperature. Bitumen
emuisions in water are avai ' lable and may provide some advantage in the init jal mixing of waste
inO Oitumen. As any substance found in nature, bitutten ca.n var:.i fron bal.'ch tr, batch. Adverse
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effe.cts are minimized by using named pnoducts that are produced in various grades, depending on
such physical  propert ies as softening point,  f lash point,  duct i l i ty,  and hardness.

The working temperature for waste bi tuminizat ion processes is 1500 to230oC. Although the ele-
vated tempenature is a disadvantage when compared with the cement or U-F solidification pro-
cesses, the high temperatune el iminates most,  of  the water oniginal ly present in the waste and
signif icant ly reduces the waste volume to be stored. The result ing condensate is,  however,  an
addit ion low-level l iquid waste requir ing tr"eatment for disposal.

H.3 .1  Process  A l te rna t ives

Both batch and cont inuous bi tuminizat ion units have been developed for the immobi l izat ion of
radioact ive wastes. A batch st i rred-evaporator process has been developed in Europe; a cont in-
uous turbulent film evaponator process has been developed by several interests won'ldwide; and a
scnew extruder process has been developed in Europe at l,larcoule, France, and Karlsruhe, Germany. l
Chemically treated wastes and bitumen are fed separately into the extruder. Oils and tars are
separated out as a condensate, and the bi tumen-immobi l ized product is discharged into drums for
di  sposal .

H.3.2 Product Formulat ion

Bttumttnttzatlon processes have beert used to lmmob1lize the so百 ギds content of a wide varttety of
wastes, includting neutral肯 zed evaporator concentrates and sludges, う on―exchange materttals and

restns, ギ nclnerator ashes〕  岳程nd, vermicul村 te and others.6  1n general, bitumen products with
sat:sfactor打 ly high mechan:cel strength and low leach rates nay contain about 40 to 60 wt%

sollds.  Although ion‐ exchange resins have been incorporated Snto btttumen, they have a tendency
toward excesslve frothttng on mlxing wlth hot bitumen.  Nitrate― form anlon reslns ln bち tumen

decompose during storage.  Therefore, Sncineratton of resttns prior to 村 ncorporation into bitumen
may be preferred, though thls would requttre a separate facヽ lfty.

Bttumen can a150 be uSed as a coattng or sealing materttal for wastes.  The Atomic Energy Research
Establギshment, Harwell, U.K., has demonstrated tncorporation of up to 50 vol % plastギ c waste in

:i:1督3: :苫u漏!lど
°
ギ古甘を1どを‖;モ1‖岩

ell吊1晋1暑忌 liXi皆[iSti°eil:苫st↑:tetl:hど]S:81,8nt::せ::.in the product
H.3.3  Product propertte見

The bitumen product, are norttally noncorrosSve to m肯 ld steel.  Bacterial attack on bitumen prod―

ucts appear lnstgnificant although long― term tests are needed to conflrm thtts.32  rhe thermal

stab1lity of bitumt,m products ts good at ambient to moderate temperatures, f3肯 r at moderate

temperatures (they soften), and poo■  at hlgh temperatures (they ignite).33_38

Certaギn salts can have adverse effects on the properttes of the product,  The most wttdely studied

are the ntttrates artd nftrttes because of theギ r wギde usage and thefr potentギ al as oxldants that

tncrease the fire hazard.  The base b:tumen alone dces not spontaneously ignite 但 と とemper包と理res
up to 450。 F,30  The bitumen burns more vigorously ff apprecSable quantttties of oxfdizing com。

:tut」品p::itfrざj(送‖L古古苦さ苫卜と古
S8;科

llgni:掃8i:tt8骨!:普雪38Strfte, and manganese d肯
oxtde)that decompose

To avoid volat11付 zattton, bor cヽ acttd must be neutralギzed before being ttncorPorated ヽn bギtumen;
however, suffttctent sodttum hydroxSde must be added to form the netaborate (Na/8=1) rather than
the tetraborate (Na/B=0.5)to av。 村d hardening problems.30

Bギtumen products have leach rates,, based on aCtギ nギde tracers, of 10-3 t。 10_7 g/cm2_day; leach
rates based on alkalt and alkaline earth tracers are up to 1000-fold greatero  Cestum leach rates
寄母eb:fl!甘群桜掛導)培結

°
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岳:せと予inttno high sodttum hydrox月
de contents have been shown to degrade following ttmmersion in

The radtattton stab11:ty of bギ tumen products is adequate to about 109 rads but should be evaluated

for each case.  The characteristic effect of radiation damage ls swellヽ ng of the product (up to
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70X volume lncrease at lOe rads for the iess porous products) as a result of the generation of
gas99-such as hydrogen, methane, carbon dioxiile, and'carbon monoxide. To acconodlte potentfal
swelllng, storage containers are not completely fil led (typically 50X to 80fl). The high flan-
nability of some of the radiolytic gases may possibly be i'oetonition problem with storige con-
tainers or areas containing hydrogen-or methine.

H.3.4 Sunrnary of Bi turngn Sol idi f icat ion S.ystem

Useful features of bitumen radwaste sotidification systems that make it attractive are:

'  Bi tumen is 'a thermoplast ic mater ial  which sol idi f ies natural ly upon removal of  process
heat,  guananteeing sol idi f icat ion and recoverabi l i ty.

'  Bi tumen is a natural ly waterproof mater ial  and is highly resistant to leaching.
' Pnoduce products by mechanical mixing bitumen with wastes. No chemistry or additives are

required to complete the sol idi f icat ion pnocess.
. Oil in the feed can be tolerated.
' Bitumen systems can provide volume reduction due to water evaporation, but water must be

contained and recycled or treated as waste.

Problen areas which have been reported are as follows:

'  Bi tumen is combust ible,  and there is evidence that the incorporat ion of oxidizing agents
increases the f i re r isk,

'  Bi tumen systems require heat input to sustain f lu idi ty dur ing processing,
. Properties of bitumen vary from batch to batch,
.  Solvents may cause solubi l izat ion of the bi tumen product.
.  Generat ion of detonable gases.

Considerat ions for the use of bi tumen sol idi f icat ion systems are:

'  The product is low in weight but has a high volumetr ic eff ic iency,

Bitumen is a nonstrat i fy ing binder that produces a homogeneous product,
'  The product has excel lent environnental  stabi l i ty and is noncorrosive,
.  B i tumen is  low in  cos t  and read i l y  ava i lab le .

H.4 ORGAfiIIC POLYIIIER II,il,IOBILIZATION PROCESS

Several_U.S. companies are act ively market ing polymeric processes for radioact ive waste immobi l i -
zat ion.e In most of these processes, radioait ive waste is homogeneously mixed with organic
polynql: The mixture is fed to a drum, a catalyst and promoters are added, and the product
sol idi f ies by-polymerizat ion. Each vendor offers var iat ions in polymers and catalysts,  as we' l l
as in processing character ist ics.  Detai led information on product character ist ic i  is l imited
because of the lack of extensive commercial  experience with them.

H.4 .1  Process  A l te rna t ives

Both organic and inorganic waste ma^ter ials have been sat isfactor i ' ly incorporated in thermoplast ic
polymers such as polyethylelg.sot4o Most of this work has been performed by a batch process in
laboratory equipnrent.  Bi tumen systems require heat input,  whi le polymer processes are exothermic.

Simulated wastes typical  of  those generated in l ight-water reactors (e.g.,  bor ic acid, ion-
exchange res ins ,  and f i l te r  s ludges)  have been incorpora ted  in  water -ex tens ib le  po lys te r  res in .a l
The polyesters are suppl ied with containet l  promoters to decompose any peroxides present,  unt i l
organic peroxide catalysts are added to i rr i t iate polymerizat ion and gel l ing of the resin. The
feasibi l i ty of  the process has been demonsl;rated, but further work is needed to commercial ize the
process.
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A pnoprietary pronoter--catalyst polymer system is bein-g qrykele_d. Operations have been carried
out, 'u'" ing i t t- ir 'p"o"ess to soitai iy^ iaoioait ive wastes in ss-gallon dnums at f ive U.S. faci l i t ies
and'at t-hree Ja'panese.faci l i t ies.-e In al l  cases, the procels produced a homogeneous monolith
wi th  no f ree l iqu id.

The polymer is a vinyl ester styrene which is used in combination with a promoter and I catalyst
to pi"od'uce a solidified waste iroduct. The vinyl ester is aq addition polymer and does not
pnoduce free water. The principal features of- this sol idif ication process that have been
reForteds are as fol lows:

Chemical :

System:

Waste
Adaptabi I ity:

Packagi ng
Eff iciency:

Transport
Eff iciency:

Radi ati  on
Stabi I ity:

Heat
Resi stance:

Leach
Resi stance:

Principal Features: Vinyl Ester Stvrene llql-!!!IcaLlg

Vinyl  ester plus promoter and catalyst.

Batch process using in-container mixing.

Handles l iquid and slurry wastes with pH in the range of
2 . 5  t o  1 1 . 0 .

60 to 70 volume pencent.

Sol idi f ied waste density in the range of 50 to 80 pounds per
cubic foot.

No signi f icant physical  degradat ion of sol idi f ied waste from
doses in excess of 10e rads.

So l id i f ied  waste  does  no t  me l t ,  sub l ime or  ign i te  ab  1 ,000"F fo r
10 minutes.

Sol idi f ied waste meets or exceeds leach requirements of DOT and
IAEA transportat ion requirements. Leach resistance is better than
UF and cement products.

These sol idi f icat ion process systems are batch processing with in-container mixing. In labo-
ratory work, test spei imens weie made using simulated boi l ing water -reactor and pressurized water
react-or evaporator bottoms, mixed-bed ion--exchange resins, f i l ter aid mater ials and decontamina-
t ior,  solvenl wastes.a2 In addit ion, samples obtained from actual power plant operat ions were
successful  ly sol  id i  f ied. ag

The v iny l  es te r  s ty rene so l id i f i ca t ion  process  u t i l i zes  chemica ls  wh ich  are  more  expens ive  than
the matLr ials required for U-F, cement,  or bi tumen sol idi f icat ion. Laboratory test ing, however,
has indicated the process produces stable products with1ow leachabi l i ty for a var iety of waste
s t reams.  There  is ,  though,  a  lack  o f  exper ience w i th  fu l l -sca le  so l jd i f i ca t ion  sys tems us ing
vinyl ester styrene.
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APPENDIX I.  JUSTIFICAT10N FOR RADIAT10N FIELDS USED IN SECT10N 6

I .1 BASiS FOR DOSE RATES

A value of 10 mR/hr has been
field to which a worker would
lowing operations:

used as representat ' ive of the t ime-integrated average radiation
be exposed during work nithin the reactor building for the fol-

..  Rrractor coolant system inspection (Sec. 6.2)

. Rr:actor pressure vessel head and upper internals removal (Sec. 5.3)

. 'Reactor 
defueling (Sec. 6.4)

The staff us,ed the fol lowing basic assumptions in making estimates of radiation f ields inside the
reactor building for these operations:

1. The reactor building, including al l  structures and the exterior of reactor components,
wil l  have been decontaminated so that a workerrs dose contribution from residual reactcr-
produced radioact iv i ty  ins ide the bui ld ing is  very low.x

2. The reactor primary coolant water wil l  have been decontaminated to a level of 0.01 pCi/
cm3,  exc lus ive of  t r i t ium.  This  res idual  rad ioact jv i ty  wi l l  produce a background f ie ld
of 2 to 3 mR/hr to workers performing operations above the surface of the water around
the reactor vessel, spent fuel pool, and fuel transfer canal.

3. 0ver 80 percent of the operations jnvolved in inspecting, opening the primary system,
and removing the fue' l  and internals wil l  be conducted underwater with many feet of
water  sh ie ld ing.

4. Specif ic radioactive hot spots within the primary system, caused by p' lateout of f ission-
product-bearing materials and/or fuel debris, wil l  be shielded if  necessary to reduce
fields to acceptable levels for working.

Because the condit ion of the Tl*tI-2 core and the exact locations of fuel debris within the primary
system are unknown, a series of scoping calculations were performed to estimate radiation f jeld
leve' ls that might be encountered at various points around primary system components. These
'calculations, reported in Reference 1, considered a number of different cases for relocation of
fuel debris and for the quantit ies of plateout material.  Al l  of the rad' ioactive source terms
were based on a decay of 460 days from the accident, that is, to July 1, 1980. The results of
the ca]su lat ions for  var ious cases are presented in  Table I .1 .

As indicated in the table, ;he contribution to the worker exposure rate from the reactor core in
a normal configuration is less than 1 mR/hr as long as t l tere is at least 6'4 tt  of decontaminated
water above the upper internal structure. In practice, the amount of water wil l  be cons' iderably
greater than this, and exposure rates wil l  be correspondingly 1ess.

*Survey data from the reactor building entry of July 23, 1980, indicate genera' l  area rad' iat jon
levels  of  about  250 mR/hr  on the 347- f t  e levat ion.  A s ign i f icant  contr ibut ion to  these
levels is from the sump water. 0nce ther sump water has been removed, hot spots shie' lded, and
genera' l  area decontanrination completed, genera' l  area radiation levels should be reduced to
5 mR/hr  or  less.
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品8Sure Rate Calculations

Description Location
Exposure

Rate Locati on
Exposure

Rate

Intact core in nornal
configuratう on

6-inch口thick fuel debris

bed atOp upper plenu□

plate (19% of tOtal
core fuel)

0.25'inch‐ thick fuel
暮毒brls bed atop steam

geFleratOr tube sheet
(  ヽ90% 。f a fuel assembly)

0.050‐村nchathttck platecut
layer ins,車e RV head

O.050-inch‐thick plateout
layer inside 28-村nch―
diameter RV inlet p:pe

6.5 ft above
core upper
i nternal s

0utside surface
of RV head
(a i r  i ns ide )

Outside surface
of SG head
(a i r  i ns ide )

0utside surface
of RV head
(a i r  i ns ide )

Outside surface
of  p ipe
(a i r  i ns ide )

l mR/hF

l.l R/hr

3.2 R/hr

266 mR/hr

205 R/hr

At PV radial
surface on
core center

Outside surface
of RV head
(HzO ins ide)

Outside surface
of SG head
(HzO ins ide)

Outside surface
of RV head
(H20 ins ide)

0utside surface
of  p ipe
( H z O ' i n s i d e )

(l mR/hr

l.5 mR/hr

0.12 mR/hr

128 mR/hr

73 mR/hr

aCalculations for less severe condit ions also were made and the exposure rates were
correspondingly lower.

One of the uncertainties is the exact ]ocation of fuel debris within the Tt ' l I-2 primary system.
To scope th is  s i tuat ion,  two ' l imi t ing cases were ca ' lcu lated,  cases b and c in  Table I .1 .x  For
case b i t  was assumed that there is a six-inclr-thick bed of U02 fuel debris (corresponding to
19 percent of the entire core) on top of the upper plenum plate (see Fig. 5.1). The resu' l t irrg
maximum exposure rate adjacent to the reactor vessel head from this sourcc was calculated to be
1.1 R/hr i f  the reactor vessel head contained air rather than water. I f  the vessel head were
f ' looded with water, the exposure rate would be reduced to 1.5 mR/hr.

Case c in  Table I .1  involves a s i tuat ion in  which fue l  debr is  ane located in  the upper  por t ion of
the stean generator. For purposes of the calculation i t  was assumed that a 0.25-inch-thick bed
of U02 debiis was spread uniformly across the upper header of the steam generator (comesponding
to about 90 percent of the fuel in a sjngle assembly or 0.5 percent of the total core inventory).
As shown in the table, the exposure rate immediately outside the steam generator head was calcu-
lated to be 3.2 R/hn when the head contains air, and 0.12 mR/hr with the head f looded with water.
The estimated exposure rates with the steam generator inspection hatch open were excessively h' igh
(greater than 1000 R/hr).

Cases d and e in Table I.1 were developed to an.rlyze the effect of varying amounts of plateout of
f iss ion-product :conta in ing mater ia1 at  d i f ferent  po ints  in  the system. In  case d,  ' i t  was assumed
that a 50-mil-thick layer*x of material was spread uniformly on the insjde surface of the l"eactor

*The es t imates  o f  U02 debr is  bed th icknesrses  fo r  these two cases  shou ld  be  cons idered ' rupper
l im i ts "  based upon present  knowledge o f 'bhe cond i t ion  o f  the  TMI-2  reac ton  core .  I t  i s
expec ted  tha t  the  amount  o f  fue l  debr is  in  these ioca t ions  is  ac tua l l y  cons iderab ly  less  than
the  va lues  used in  th is  ana lys is .

*xThese es t imates  o f  p ]a teout  mater ia l  th i rcknesses  shou ld  be  cons idered to  be  "uppe l  l im i ts "  based
upon the  to ta l  quant i t ies  and ra tes  o f  s re t t1 ing-o f  sugpended mater ja l .  In  fac t ,  layers  (exc lu -
s ive  o f  t rapp ing j  in  c rev ices)  more  than,e  few mi ls  th ick  a re  un l ' i ke ly .



I =3

pressure vessel head. The exposure rate at the outside surface of the RV head was calculated to
be 266 mR/hr with air inside ihe vessel head and 128 mR/hr with the head f looded with water. For
a section of 28-inch-diameter primary system inlet piping with a 50-mil-thick* layer of plateout
material (case e) an exposure iate oi 204 Rlhr was ca1culated when the pipe was f i l led with air.
This would drop to 73 R/hr i f  the pipe were f looded with water. For a 10-nri l  thicknessx of plate-
out material, Lhe exposure rate wa-s bbout 15 R/hr.

These calculations indicate that the exposure rates adjacent to various components in the Tl4I'2
prim.rry system depend upon the locations of f ission product plateout and/or fuel debris within
the system. The signif icant factor is that for the most part, these exposure rates are rela-
t ively low and can be further reduced to acceptable leve' ls by f looding with vrater, even for the
extreme situations that were analyzed. Based on the results of these calcu]ations, on the assump-
tions l isted above about containment bui ' lding background levels, and on the exposure to be expec-
ted from the primary system water, i t  is the staff 's engineering judgment that a t ime-integrated
value for an exposure rate to a typical worker during the t ime he is actually performing work
within the Til I-2 reactor building on the operations under discussion would be no greater than
t0 mR/hr. This is believed to be conservative because:

1. The exposure calculations, described above,
and wil l  be further reduced by the t ime the
product activity is currently decaying with

are for source terms as of July 1, 1980,
actual work starts because the fuel f ission
a hal f - l i fe  of  about  7.5 months.

2. The hot spots probably wil l  give dose levels lower than those given in the scoping
calculations since the amount of fuel displaced to other parts of the system is not
l ike ly  to  be as large as assumed.

3. The plateout hot spots should be much 1ess than that estimated in the scoping calcula-
t ions since it  is expected that most of this material wil l  be renoved during the pri-
mary system cleanup.

4.  In  pract ice,  the hot  spot .s  wi l l  be sh ie lded.

The assumption that the reactor building has been decontaminated is based upon the staff 's belief
that reactor defueling and subsequent decontamination wil l  be lengthy operations, lasting perhaps
one to three years,  and wi l l  requi re a large number of  sk i l led and wel ' l - t ra ined workers.  C ' lear ly ,
the decontaminat ion of  the reactor  bu i ld ing wi l l  be a d i f f icu l t  job and wi l l  requi re a large work
force (see Sec. 5.2). The effort to decontaminate the reactor building f irst, and then to defuel
and decontaminate the r"eactor, is expected to yield a s' ignif icant reduction in both total occupa-
t ional dose and in the t ime required to complete the reacton defueling and cleanup, (as compared
to what would be expected for a part ial or l imited reactor building cleanup).

I t  is  des i rab le to  min imize the number of  people that  exceed the i r  dose l imi ts  before the work is
complete.  This  means that  the work must  be conducted jn  as low a radiat ion f ie ld  as is  pract ica l .
For this reason, part ial or incomp'lete decontamination of the reactor building before reactor
defuel ing and RCS decontaminat ion has not  been consjdered pract ica l .  Addi t ional ly ,  i t  may be
appropriate to use special tool ing and equipment i f  general nadiat ' ion levels are higher than
10 mR/hr.

As a practical matter ( in addit ion to being good radiation protection practice), the average
radiation that ski l led workers can operate in over long periods of t irne perform'ing complex opera-
t ions should be re la t ive ' ly  low.  Thjs  is  because of  the l imi ts  on the number of  sk j l led ' *orkers
and the i r  avai lab i l i ty  for  a ' large pro ject  l ike the T]4T-2 c leanup.  For  example,  based upon a
quarterly occupational dose of 1 rem (see Appendix L), the continuous exposure rate would be
2nR/hr .  I f  an average worker  avai lab i l i ty  ( to  work in  rad iat ion areas)  factor  o f  25 percent
over a quarter-year is used, the exposure rate increases to 8 mR/hr. Similarly, for an availa-
bi l i ty of 10 percent, the exposure rate jncreases to 20 mR/hr.

Because of  the considerable addi t ional  t ra in ing and preparat ion requi red for  the sk i l led workers
who wil l  perform the primary system ins;rection, decontamination, and core removal, i t  is neces-
sary that the radiation f ields for the bulk of the operations be kept relatively 1ow (< 10 mR/hr)
so 'as to  mainta in a reasonably  h igh jnd iv idual  worker  ava ' i lab1i1 i ty .  This  is  because of  the

*These est imates of plateout mater ial
based upon the total  quant i t ies and
(exc lus ive  o f  t rapp ing  in  c rev ices)

th icknesses should be considered to  be
raters of  set t l ing of  suspended mater ia l .
rorer  than a few mi ls  th ick are unl ike ly .

"upper  I  jm i ts "
In  fact ,  layers
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l imited size of the pool of neasorrably ski l led personnel available, plus the signif icant invest-
ment in training and pneparati'on that must be'made in each rsorkei before he cin perform any
usefu l  work.  i  ' ' : , '  '

In-surmary, the actual radiation f ields that workers wil l  be operating in during the inspection,
primary vessel opening, and core and reactor internal removal phase of tne TVII-Z cleanup will
Iangq fnom a fev mR/hr to as high as perhaps several R/hr (for short time periods), based upon
detai led calculations'of expected gamma doie rates at various parts of the primary system. The
net effect of working in these fields for a typical worker over the work ihift is dn average
field of 1.0 mR/hr (and a corresponding dose rite of 10 mrem/hr) based upon evaluations of the
work to be performed, the area ihere the worker would be, and hbw long tire work might take. As
stated above, this is believed to be a conservative (overestimate) calculation of the actual
average f ield to which a worker would be exposed.

' j ' ;

I.2 EXPERIENCE WITH SURRY STEAI.I GENERATOR REPLACEI.IENT

For the steam generator replacement activities at the Surry Power Station Unit 2 (a 775-Fitle
l{estinghouse P}rR), the cumu'lative occupational dose was 2140 person-rem for a labor effort of
871,600 person-hours, or an average rate of about'2.5 mrem/lrr 0n this part icular project, the
original estimated labor and exposure v{as 233,600 person-hours :r lrd 2060 person-rem, respectively,
for an.average rate of about 9 mremlhr. So in practice, the estimated average dose iate of
9 rnrem/hr was a signif icant overestimate.

At Surry the specif ic steps taken to maintain ALARA exposures were:

1.  Per iod ic  work ing area c leanup in  the conta inment  bu i ld ing.

2. l . laintaining a high wa*'-€f ' level 
in the steam generator as' long as possible--this resulted

in a dose-rate reducr; ion of about a factor of ten and saved about 530 person-rem.

3.  Use of  temporary sh ie ld ing in  the lower s team generator  cubic les resul ted in  a s ign i f i -
cant reduction of exposure and saved about 2700 person-rem.

4. Decontamination of parts that were to be reused resulted in savings of many person-rem.

5. To reduce the radiation exposure t ime, the various crafts involved received extensive
t ra in ing in  the act iv i t ies to  be per formed by makingrrdry runsrron fu l l -sca le p ip ing
mock- ups.

Reference

1.  Memorandum f rom D.J.  l , la l loy to  J .B.  Heineman,  "Dose Rate Calcu lat ions for  Selected I l lus-
trative Examples in the Primary System of Tt ' l I-2," Argonne National Laboratory, Apri l  4,
1980.
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AttPEHDIX J.  DOSE CONTRIBUT10N FROM VAR10US NuCLIDES IN GASEOUS RELEASE5

The inha13t｀ On さr ingestion of a given radionucl:de at a concentration equivallnt to the maxギ mum

perlBS ssttble concentratton (MPC) Will Cause the recipttent to incur what is terrrB● d the maxttmum

「errnissfbl● dose.  Thus, MPCs are a measure of dose patentSal and ギ n a ntxture of nuclldes, the
MPC of a nucl:de may be used as a neasure of the dose contrtbutSon of that nuciヽ de to the tctal
dose potentlal from a mixture of nuclldes that may be inhaled or ingested.

In this appは ■dtx, gaseous effluent streans th&t are known to contain rad:onuclides other than
H‐3, Cs-137, Cs‐ 134, Sr'90, and Sr-89 are analyzed for relative contrfbutfons of ttndivヽ dual
radionuclギ des to the dose potential.  Potontial doses fron the ご esPectfve constttuents are treated
as being proPort打 On31 tO the number of MPCs represented by those consttttuonts using the MPC
values for unrestricted release to attr given ln 10 CFR Part 20, Appendix B.  了 he nost restrictive

町PC value (etther for the soluble or insoluble radtonuclSde) was uSed for each constituentt

Ttte technique used for the analyses was to calculate the number of HPCs represented by a par―

ttcular nucllde.  The concentration of each nucllde was d村 vidcd by tts MPC value to obtattn the

n鼈冊ber of MPCs.  The number of MPCs for all nuclldes was summed attd the percentage contribution

of each deterlninedo  Ces:um and strontSun contrttbuted more than 99% to the total.

Tables J.l through J.3 show the analyses for atrborne releases attributable to the formation of

aerosols froin the processSng of contaminated llqutds.  The effluents analyzed arise from the

processttng of the followギ ng contaminated l付 quギds:  those from the sump water in the reactor
bu村lding, the prttnary water in the reactor coclant system, and sump water that was in the AFHB.

Because of the assumptions made ギ n calculatヽ ng releases for any glven contaminated llquid, the
release walues are consSderod applヽ cable to each of the alternatSve processes constdered。

In the case of effluents resulting from the prccessing of the sump water from the reactor build―
肯ng, モt 13 nOtable that the actfnides, urantum and Plutonttum, were not found to be sヽ gni ftcant.

」-1
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Table J.1. Analysis of Potential Dose Contribution of Radionuclides
in Airborne Ef?luents (due to aerosol formation) from Processing

Reactor Building SumP l{ater

Radionucl ide
Concentration

(PCt/mと)

MPC

(HCt/mL)

Number of
MPCs

Percentage of
Total l{PCs

H。3

Cs‐■37

Cs‐■34

Sr‐90

Sr-89

1。129

Zr-95

Nb口95

Ru-106

Sb-125

Te-125m

Te-127m

Te。129m

Ce。144

U

Pu(α)

Pu-241

Tctal

9.5 X 10。 1

■.6 X 102

2.4 X 101

2 . 6

7.O X 10-2

1.2 X 10。 5

2.O X 10。 S

l.O X 10-5

3.O X 10‐ 3

2.O X 10。 2

5.O X 10-4

5.O X 10。 4

2.O X 10-4

2.O X 10。 3

9.3 X 10-9

3.3 X 10-6

1.7 X 10-5

4.8 X 106

3.2 X 1011

6.O X 101°

3.7 X ■ 0■°

2.3 X 108

6.O X 105

2.O X 104

3.3 X 103

1.5 X 107

2.2 X 107

1.3 X 105

5.O X 105

2.O X 10S

l.O x 107

3.l X 103

5。5 X 107

5.7 X 106

( 0 . 1

68

13

■9

( 0。1

( 0 . 1

( 0 . ■

< 0 . 1

く 0 。1

( 0 . 1

く 0 , 1

く 0 . 1

( 0 . 1

< 0 。1

( 0 。1

< 0 。1

< 0 。1

100

2.O X 10。 7

5.O X 10口 ■0

4.O X 10。 1°

3.O X 10‐ 1■

3.O X 10。 10

2.O X 10‐ 11

1.O X ■ 0。9

3.O X 10。 9

2.O X 10'■ 0

9.O X 10-・ °

4.O X 10。 。

1.O X 10。 9

1.O X ■ 0。9

2.O X 10-10

3 X 10-12

6 X 10-■ 4a

3 × 10。12

apu-z3g, pu-239, pu-240, and Pu-242. t4PC values for these isotopes are the same.



APPENDIX K:' ECONO|iIC COST BASIS

The cost estirates contained in this statenent are intended to indicate the relative magnitude of
the costs fon the various alternatives. l'he estinates are not intended, nor should they be used,
fon detailed planning. Gonstant calendan year 1980 dollars have been utilized in these cost
estinates, with no a[tempt being made to account fon the time value of money or potential infla-
tionary factors.

The econonic costs are based upon estimates of costs for various operations, equipment, and
facilities that can be dinectly related to a given alternative. 0perations, equipment, and
facilities that are not altennitive-dependent are not included in the main text of the PEIS.
Further, no attempt has been made to anticipate costs that could be incurred because of reEula-
tory or l icensihg actions, availabi l i ty of f inancial resources, and cost of replacement power.

Thus, the econonic data presented here and elsewhene in the PEIS are for the purpose of comparison
among alternatives. No itternpt has been made to develop an overall consistent set of coasts that
can be sumned to arrive at a total cost estimate for the entire cleanup. In particular, contin-
gency' costs have not been included.

l{here cleanup operations have already been completed (such as the AFHB water decontamination
using the EPICOR II system) actual costs based on licensee data are included for completeness.
For Lleanup wonk not yet initiated, costs have been estimated on the basis of best information
available. The quali ty of this information is quite variable, ranging from highly rel iable costs
for transportation to highly speculative costs for defueling. iluch of the econonic cost infonna-
tion in [his statement is in the highly speculative area because many of these operations have
never been performed anci the wonking environment has not yet been fu'lly characterized. As a
result, mani of the costs have been istimated without benefit of any actual exPerience; neverthe-
less, the statt bel ieves that these cost data should be useful as rela-*, ive cost comparisons.

K.1 KEY ASSU}IPTIONS AT{D DEFII{ITIONS

The fol lowing key assumptions and definit ions have been applicd to the developmen rf al l  costing
data.

llqnpower Rates. For purposes of estimating costs, manpower raLes have divided into two cate-
SorTes--pnoTGsional ind hourly. A rate of $50,000 per man-year has been used for professional
effort rates. The professional category includes management, technical professions, supervisors,
and consultants. A rate of $40,000 per man-year has been used for hourly effort rates. The
hourly category includes: common labor, clenical, maintenance, crafts, and equipment operators.
These rates have been estimated by the licensee to be reasonably representative for these two
cost categories. l

Direct Costs. Direct costs are defined as those costs that are directly associated with a physical
' f f i F a l t e r n a t i v e . T h e b a s i s f o r t h i s c o s t e l e m e n t i s t h e p e r s o n . h o u r n u m b e r s f o u n d i n t h e
PEIS as they relate to the individual alternatives.

Indirect Costs. Indirect costs are defined as those costs associated with supponting a given
dieanup acti7ity. This cost element includes items such as certain types of health physics
support (some health physics costs are considered as direct costs, depending on the activity),
crihe operators, plant openators, training, testing, procedure preparation, etc. Indirect costs
are added to the associated direct costs to obtain the manpower costs when they appear in the
"Economic Ccstsrr sections of the PEIS.

Consumables. Consumable costs are those associated with expendible i tems, such as protective
ETff iT-ng, boots, gloves, face masks, rags, mops, brushes, chemicals, sma'l l  hand tools, etc.

Equipment. Equipment consists of special tool ing and commercial ly available hardware that wil l
E-eeft i i  for the cleanup. When available, conmencial rates have been uQed. For special too' l ing,

K。1

十■



|  ■
:‐
:■| I                             K‐ 2

the staff has ● stimated the cost based upon tooling that ts sin村 lar tn complextty and functton to
the spectal tooling that hay be needed.  In all cases where spectal toollng may be ne● ded, the

costs ギncluded eng:neering destgn, materials, fabrtcatton, and checkout testlng.

Overhead CostS.  The cost estttmates cited i『 l th:s document include only dギ rect costs of cleanup,
not assoctated overhead.  In the context of the PEIS, overhead includes all of the costs to
maintain and operate the plant in a safe shutdown condition regardless of the particular alterna―
tiVeS employed to clean up the plant.  As an example of thts divttsion of costs, Section K.3 of

thts‐appendix includes a llst of the varギ ous factltttes that have been provttded, are beギ ng con―

structed, or may be と onStructed in the future in support of the overall cleanup program.  This
llstttng does not include those that are alternative― dependent, meanttng that the needs would vary
depending on wh■ t cleanup alternatives are selected.  These factlitギ es are l:sted ヽ n Secttton K。2

wtth the approprtate cleanup activity.  The llsting Sn Sectton K.3 includes those fac111tfes that

are of a general support nature and yet are clearly necessary to support the cleanup progran in
tctal.  In a stwllar fashギ on, costsi assocfated with the followttng functギ ons have been classiftted

as overheddt                   i

,    Mattntatning the plantittn a safe shutdown condition

.  Plant security costs

. Licensing costs

. Operating and maintenance costs for
the plant in safe shutdown condit ion

equipment and faci l i t ies not required to maintain
or direct ly related to c ' leanup al ternat ives

. General  plant support  services, including laundry services, general  plant stores,
mater ials handl ing, receipt,  inspect. ion, general  plant enginedring, medical  services,
reproduction services, and general housekeeping.

.  Administrat ive funct ions, including plant management,  plant planning and schedu' l ing,
purchasing, qual i ty assurance, personnel administrat ion, and contract administrat ion

. Cert i f icat ion test ing in support  of  l icensing requirements.

The dominate cost factor in cieanup of the l t t l l -2 plant most l ikely wi l l  be overhead. By their
very nature, the overhead costs are highly sensit ive to the cleanup schedule, and are thus further
dominated by regulatory act ions and the avai labi l i ty of  f inancial  resources. Since regulatory
ac t ions  and the  ava i lab i l i t y  o f  f inanc ia l  resources  cannot  be  rea l i s t i ca l l y  an t ic ipa ted  a t  th is
time, no attempt has been made to project an ovrerall cost for the cleanup of TMI-2.

K.2 COSTING I,IETHODS EI|IPLOYED FOR SECTIONS 5 THROUG}I 9

K.z.I Section 5--Auxiliary and Reactor Buil![ng_enll Eqqlpment Decontamination

Cost estimates for Section 5 were developed by two different methods. l{here costs have already
been incurred by the l icensee, sur:h as cleanup of the AFHB, costs est imates have been based upon
percentage of the Hork completed and information suppl ied by the l icensee. For cleanup opera-
t ions st i l l  in the planning stages, costs have been developed based upon est imated direct person-
hours and upon the fol lowing cost elements: ' [ool ing design and fabr icat ion, personnel t raining,
procedure preparat ion, operat ion of direct support  faci l i t ies, expendable equipment and mater ials,
and essent ial  services.

Tool ing Design and Fabricat ion. Compared to the tctai  = ' ;s i ,  tool ing is not expected to be a
major expense i tem. The tool ing for the AFHB and reactor bui lding deeontaminat ion consists of
hydrolasers, modif ied vacuums, special  r igging, and an assortment of smal l  hand tools.  Other
than minor modif icat ions to adapt commencier l ly avai lable tool ing for special  use, design engi-
neering is quite modest.

Personnel Training. The staff  has only included training costs that are associated with the
f f i v i t y t o b e p e r f o r m e d . B e r : a u s e t h e 1 a r g e m a j o r i t y o f t h e w o n k i s m a n u a . | 1 a b o n ,
extensive special  t raining is not ant ic ipal ;ed. A major except ion is ' . 'or work that wi l l  require
large numbers of people in relat ively high ' radiat ion f ie lds. This major except ion is the worst-
case reactor bui lding deeontaminat ion. The staff  has assumed a $4O0/worker training and pnocess-
ing burden because of the large numben of workers involved.
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Procedure Preparation. Depending upon the particular activity, the staff has estimated procedure
preparation effort as a percent of direct effort. As an exanple, the staff has estimated that
30 percent of the operating effort for the reacton containment service building would be needed
to prepare the operating naintenance procedures.

Openation of Support Facil i t ies. Ooeration of these faci l i t ies has also been included in the
cost estimates. The prin.ipal facility in this category is the reactor containment service
building. Costs wene developed for tnC fotlowing elemcri ' ts: work control, material handling,
health physics nonitoring, building maintenance, plant engineering, receipt inspection, tool
decontamination, tool ing repair, bui lding supervision, quali ty assurance, records, and contami-
nation control.

Expendable l,laterials and Equipment. Expendable materials and equipment costs include such items
as chemicals ,  tent ing,  f i l ters ,  and cask l iners.

Esgential Services. Essential services were estimated for electr ical power, steam, plant air,
f f i I n a l l c a 5 e s , t h e s t a f f a s s u m e d t h a t t h e l r a s i c s e r v i c i w a s a v a i l a b 1 e o n s i t e a n d
would have to be modified or rerun to the point of need.

K.2.2 Section 6--Reactor Defueling and Primany System Oecontamination

Development of cost estimates for this section were made using the person-hours of wonk estimated
for the vanious alternatives described in the section. In addit ion to the direct person-hours,
the fol lowing cost elements were included: tool ing design and fabrication, mockup costs, training,
procedure preparation, and expendable materials and equipment.

Tooiing Oer!g!_gnd Fabrication. Several special purpose tools wil ' l  be required for this activity.
Because serious design of these tools wil l  require a betten knowledge of the potential damage to
the reactor core; very l i t t le prel iminary design has thus far been accomplished. The staff has,
itowever, examined the range of core conditions that may exist and has determined that adequate
technology exists for developing the required tooling.

The method used to estimate the tooling costs was to look at the functions to be performed,
visualizing the tool(s) needed to perform each function, and then drawing a comparison, based
upon engineering judgment, between previously developed tooling of a similar function and com-
plexity.

As an example, the tooling costs for the hydrau' l ic suction equipment consisted of:

Item

Coneeptual design

Engineering and draft ing

Design review

Testi ng

l ' lodi f icat ions after test ing

Fabricat ion and procurement

Instal  lat ion and checkout

Subtotal

Add i t iona l  too l ing  fo r  t ra in ing
and backup

Total

Mockup Costs. The use of mockups for engineering design aids and
E6-nTTiiffi iTitat. Costs for these mockups also have been included
staff has assumed that mockups would be needed for portions of the
ture, and upper internals.

Cost
(thousands of

dol-lerg)-
10

100
10

30

30

100

100

380

200

580

the training of operators is
in  the  s ta f f ' s  es t imates .  The
RPV, core, core support  struc-
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ratton would probably exceed the costs for the actual physical laう or requtred to re冊 OVe the fuel.
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normally be avallable from plant stores were nct included.
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K.2.3.l  Prccesslng Cost Estimates
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process system maギ ntenance and downtime.  Consumable materttals, such as ton― exchange media,
f lヽter cartridges, and chemicals, were esttmated on a perunit volume of process influent.

Fギnally, services were estttmated for such Stens as water, electrical power, and other ut肯 l ttttes.
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consumed tn the process, such as zeolites, ftlters, and resSng=  The masor varttttton in these
untt costs tts in the consumable component.

The capttal costs for the alternative facSlitヽ es are shown in Table K.2.

Indirect support cOsts have also been included and are tabulated ギ n Table K.3.  These indirect
costs constst of Operating, 冊 aintenance, procedure preparation, engギ neering, survetllance, and
healとh physics asststance.

K.2.3.2 Disposal  Cost  Est imates

Processed l iquid disposal costs were developed on a
transportation/disposal costs. The results of these
and  K .5 .

unit-volume basis for onsi te operat ions and
unit  volume costs are presented in Tables K.4

Est imated faci l i ty costs fon cases in which an al ternat ive required an onsite faci ' l i ty for ei ther
storage, treatment,  or immobi l izat ion pr ior to disposal are presented in Table K.6.

The unit  operat ing costs presented in Table K.4 ane composed of direct 1abor,  indirect labor,  and
mater ia ' l  costs.  The direct labor costs were developed by analyzing the process and establ ishing
a hypothet ical  operat ing crew to perforn the work, and then, based upon an inf ' luent volumetr ic-
rate, establ ishing a cost per unit  volume. Appropriate al lowances were made for supervision,
health physics coverage, engineering surve' i l lance, and direct analyt ical  support  where needed.
Indirect labor cosis were developed based upon est imates of support  act iv i t ies that would be
needed. The support  act iv i t ies included' i tems such as preparat ion of operat ing procedures,
process qual i f icat ion runs, and technical  srupport  by engineer" ing and qua' l i ty assurance.

Needs for mater ials,  pr incipal ly cement,  wrare est imated based upon mater ial  mix rat ios and then
converted to mater ial  cost per unit  of  inf l ruent volume.

The transportat ion and disposal cost per unit  vs1ume of inf luent are shown in Table K.5. Trans-
portat ion costs were based upon conmercial  rates assuming one-way unshielded shipments to ei ther
Ricir land, l {ashington, or West Val ley, New York. Disposal Costs were based upon NEC0 buria ' l
charges in effect as of October L980.
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Table K.2. Cost"s of Liquid
Process ing  Fac i l i t ies

(thousands of dol lars)

Process Alternat ive Cost

1. Zeollte Alternatives

(a)Ze。 lite/Restt n (SDS)

(b)Ze。 lite/Modified
Resin (MOd SDS)

(C)Ze。 1:te/EvapOrator

(d)Ze。 ltte/EPICOR II

(e)SDS/EPICOR II

(f)Mod EPICOR II

EPICOR II

Evaporator/Resln
Bギtumen/Resl n

２

３

４

6,000

6,500

9,000

12,200

12,200

7,200

6,200

3,000

7,500
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K.2.4  Sectうon 8‐‐Solld Waste Packag:ng and Handling Costsこ

The costs of waste nanagement depend on the characterlstギ ts of the waste generated and on the
alternatttve steps tn the waste management cycle.  These costs include the conslderatttons dSs―

cussed below.

Condttioning.  CondStiontng is a steP which refers to those operatlons that transform either
concentrates produced durttng treatment or untreated materttals into forms suttable for transPor―

tatlon or dttsposal,  Condギ tttonttng includes lmmob111zatton, which converts radioactive waste
material in the form of ltqutd and process sollds Snto a stable monolithヽ c form with the radギ o。

active materials homogeneously dtspersed wSthttn it.  Conditioning costs include labor, servSces,

and consunables such as immobヽ 1lzatギon materlals.

斜 鋭 培 絡 料 判 晃たk簿 柵 号ぜ 薔 e辞 ど 縛 sぷ 斜 岳nttati:諾 格 鮮 補 だ m紺 牝Ftt「

tainers withtn the fac111ty.  The costs include labor and dギ sposable conta肯 ners, as appropriate.

Unttt costs for the varう ous alternatlve processes assocヽ ated wSth a gttven waste type are given in
Tables K.7 and K.8.  These costs were developed using applicable assumptions described 村 n the
text of this document end from data ava,lable from simllar rad月 oactive waste management operaい
tions.  Matertals, servttces, and direct effort costs were prepared for these major steps in the
waste managenent cycle.  An appllcable multtplter was then applied to the resultギ ng person―hours
of work effort to obtain the additギ onal effort requ肯 red from supporting groups, such as indirect

operations, supervttsギon, traSning, procedure preparatう on, mai ntenance, health physics, engtt neer nヽg,
laboratory, and analysls.  The summatton of these costs was then reduced to dollars per unit

volume of waste generated.

The cost evaluation of services tncluded ltems such as electrScal power, stean, instrument a肯 r,
deminerallzed water, cool:ng water, etc,  Packaging and handling include the costs of dlsposable

containers (materSals), effOrt requlred to move packaged waste w付 thin the plant, and effort

requSred to load it on or into a vehttcle for transport.  Effort requSrements for handling packaged
waste are shown ln Appendtx N as a functヽ on of waste and package type.

K.2.4.l  Process Sol肯 ds Waste

Waste volumes resulttng from appl月 catうon of a gttven treatment process for the various waste types

shown are gttven tn Table K.9.  The costsi of assccfated facilittes are gttven ttn Table K。 10.  The

appl cヽable waste volumes were multttplted by the associated unttt cost numbers presented in
Tables K.7 and K.8 wtth approp、 ・iate fac11村ty ccsts added, to develop the bouttding costs described

in Sect→ons 8,1.6 and 8,2.6 of the PEIS.
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Table K.4. Unit  Operat ing Cost for Disposal of  TUI-2 Liquids
(dol I  ars/gal ' lon)

Disposal Alternative
Considered

Direct Labor Indirect Labor
Cost Cost

Estimated Total
l4aterials 0Perating Cost

2.

3.

Long-term onsite storage

(a) Stored in tanksa

(b) Immobi l ized in concretea

Discharge to the environs

(a) River discharge

(b) Evaponation ponds

0ffsi te disposal

(a) Immobi l ized and shippedb

(b) Immobi l ized and shippedc

(c )  Oeep we l l  in jec t ion

(d) 0cean disposal

NA

O。42

0.095

0.10

0.10

NA

O.12

0,011

NA

NA

NA

O.56

NA

NA

O.56

0.56

NA

NA

NA

l.15

0.106

0。10

0.10

acosts of survelllance and storage ギ ncluded ttn Table K.5.

bR→
chland, Washlngton.

CWest Valley, New York.

Table K.5. Transportation and Disposal Costs for Tl4I-2
L iquids (dol  lars /gal  lon)

Disposal Al ternat ive
Cons i dered

Transportation and
Disposal  Costs

ｒ

ｓ

ｅ

ｔ

ｈ

ｗ

Ｓ

ｉ
▼

０

０

Ｃ

Ａ

　

Ａ

Ｎ

　

Ｎ

ヨ

罫

瓢

爵

戴

爵

動

欝

圏

圏

掛

圏

圏

圏

圏

圏

目

彊

圏

彊

圏

圏

彊

彊

彊

彊

曜

曜

1. Long-term onsite storage

(a) Stored in tanks

(b)  In rmob i l i zed  in  concre te

2. Discharge to the envfrons

(a) River discharge

(b) Evaporat ion Ponds

3.  0 f fs i te  d isposa l

(a) Immobi l ized and shiPPedl '

(b )  Immobi l i zed  and sh iPPedE

(c)  Deep-we l1  in jec t iond

(d)  Ocean d isposa ld

NA

NA

3.54

2.25

3.50

4.60

34,0004

35 , Oo0a

NA

NA

2.80e

ｆ
０

Ａ

　

４

Ｎ

　

２

aOnsite storage and maintenance cost (dol lans/year) '
bR ich land,  Wash i  ng ton .
cHest Val ley, New Yonk.
dA" rur " ,  500-mi1e t r iP .
eQost  fo r  o f fs i te  so l id i f i ca t ion  in  concre te  p r ion  to  ocean d isposa l .
fsurvei l lance and otaintenance cost for four-year period'
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Table K.6. Faci l i ty Costs for
Liquids (thousands of

Disposa1 9f THェ。2
d。1lars)

Disposal Alternative
Considered

Faci l i ty  Cost
Estimate

3.

Long-term onsite storage
(a) Stored in tanks
(b) Immobil ized in concrete

Discharge to the environs
(a) River discharge
(b) Evaporation ponds

Offsite disposal

4,700

250

NA

258

250

250

NA

NA

(a) Immobi l ized and shippeda

(b) Immobi l ized and shippedb

(c) Deep-well injection
(d) 0cean disposal

aRichl and, l {ashi ngton.
bwest Valley, l{ew York.

Tab le  K .7 .  Waste  Cond i t ion ing- -Un i t  Cos ts

Cond i t ion ing  Costa

tlaste Tyce
Di rect

Packagi ng
Immobi l i za t ion

Dewateri ng Cement VES Compact ion Incinerat ion

S'ludge
h

Zeol i tes-

Organ ic  res ins

Fi I  ters

Evaporator bottoms

Chemical decontamin-
na t ion  so lu t ions

Trash

NegligSble

Negllgible

S1000/ft3

Negl村gible

S26.50/ft3  s60.00/ft3

S26.50/ft3  s60,00/ft3

S3.09/gal.  16。10/gal.

S3.09/gal.  S17.60/gal.      ・'            ―

SO。32/ft3    ,1,48/fte

a lnc ludes  labor ,  na ter ia ls ,  and serv ices ,  does  no t
blncludes treatment and handl ing at an inter im DOE

i n c l u d e  f a c i l i t y  c o s t .

f a c i ' l i t y  p r i o r  t o  f i n a l  d i s p o s a l .
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Tabl● K.8.  WaSt● Packaglng attd Handlギng――Unttt Costs

Packaqinq and Handl inq Cost

l{aste Type
Di rect

Packaging
Immobi l izat ion

Dewateri ng Cement VES

Sl udge

Zeol i tes

0rganic resins

Fi I  ters

Evaporator bottoms

Chemical decontami-
na t ion  so lu t ions

Contlminated equip-
ment-

i督:8‖:景と畳
d

Noncompactabl e
trash

Noncompactable/
noncombust ible
trash

S43/ft3

S3/ft3

S3/ft3

S3/ft3

S3/ft3

S3/ft3

S106/ft3

S145/ft3

ゃ11/ft3

S145/fta

Sl.50/gal.

|ユ.25/gal.

sl1/ft3

S145/ftS

Sl.70/gal.

Sl.25/gal.

aFor waste of greater than 200 mR/hr use $800,1l iner.

Tab le  K .9 .  Process  So l id  Waste  Vo lumes
Cons idered in  Cost ing

Vol umes

Waste Form Mi nimum Maximum

t .  Acc ident  s ludge

2 .  Z e o l i t e s

3 .  0 rgan ic  res ins

High-spec i  f i c -ac t iv i t y  res ins

Low- leve l  res ins

4 .  F i  I  te rs

5. Evaporator bottoms

250 ft3

80 ft3

1000 ft3

2220 ft3

470 ft3

0

250 ft3

430 ft3

2400 ft3

5310 ft3

560 ft3

6154 gal
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Table K-10. l {aste Faci l i ty Costs ( thousands of dol lars}

l{aste Tyire
Direct

Packagi ng

Interim
Li ner

Storage ISlrsFa
Immobll12attOn

Dewatering' Cement vEs

Sl udge

Zeol i tes

Organic nesins

Fi I tens

Evaporator bottoms

Chenical decontami-
nat ion solut ions

Negllgギ ble

０
　

　

一
　

　

一

100
100
100

3,7_20

3,7_20

3,72A

3,320

3,320

3,320

3 ,320

5,300
6,300

775

775

775
775
775

775

０
　

　

一

alnterim solid waste staging faci l i ty.

K.2 .4 .2  Decontaminat ion  So lu t ions

The costs involved in the condit ioning of the l iquid chemical decontaminat ion solut ions and
subsequent packaging and handl ing were developed by est imating the unit  costs for condit ioning
(Table K.2-7) and the unit  costs for packaging and loading (Table K.2-8).  Based upon quanity
est i rnates that var ied from 47,000 gal lons to 550,000 gal lons, costs were developed. Costs for
the processing faci l i t ies, cement and vinyl  ester styrene immobi l izat ion are presented in
lrabie K. 2-11.

I t  was assumed that the decontaminat ion so' lut ion wastes would be immobi l ized with ei ther vjny]
ester styrene or ceinent,  and packaged in 55-gal lon drums. I t  should be noted that depending upon
the quant i t ies to be irnmobi l ized, vinyl  ester styrene immobi l izat ion produces both the highest
cost and the lowest cost.  Cement immobi l izat ion techniques l ie within the bounding cases. The
reason for this apparent inconsistency is that for the case where a rather snial l  quant i ty
(47,000 gal lons) is to be immobi l ized, the faci l i ty costs are relat ively inexpensive compared to
the cement faci l i ty.

Tab le  K .11 .  Decontar i ina t ion  ro lu t ion  Immobi l i za t ion  Costs
(thousands of dol lars)

Cost Element

VES Immobll号 zation Cement  Immobi l izat ion

Best Case btlorst Case Best Case Worst Case

Faci I  i ty

0perat ing cost

Total  s

828

886

L,7L4

3 ,3204
10,311

13 ,631

3 ,720

204

3,924

3 ,720

2 ,374

6 ,094

"Th i r  fac i l i t y  was  prev ions ly
t ion  8 .1 .6 ;  thus  the  max imum
cost  o f  $10,311.

esjbimated for the
cost for bounding

wors t  case cos t  in  Sec-
est imates is bhe dewater ing
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K .2 .4 .3  So l  i ds

Solid waste materials consist of trash, contaninated equipment, irradiated hardware and fuel
assemblies. These wastes are described in Section 8.3, ind the estimated costs for their manage-
ment are pnesented brlow.

Trash

To quantify management costs, this solid waste was divided into three categories:

' ComDustible--Trash tha^r" can be processed through the incinerator, with incinerator ash
ffioETTized, packaged in 55-gailon drums, and- shipped in a shielded or unshielded
configuration as dictated by radioactivity level. This material would be incinerated
in a small unit with a throughput of 250 pounds per hour. At an average trash density
of I lb,/ft3, this throughput- comesponds to aUout 33 ft3lhr. The estlmated cost of
this incinerator is $5.5 mii l ion. The crew Has assumed to consist of one operator.
After incineration, the ash would be immobil ized. Costs were based on using cement for
the binder material.

' 
9ompactiblF--T-rash that can be processed through a compactor, packaged in Ss-gallon
drums, ang__sltipped unshielded. The staff has estimated the cost oflhis compaitor to
be about $180,000.

' Nonconbqstiblgl noncompac --No treatment or conditioning is required for these
� a g e d i n L S A b o x e s a n d s h i p p e J - u n s t r i e t d e o . T h e o p e r a t o r
labor required to package these materials in such box'es and to handle then'was
estimated from Appendix N, Table N.2.

The unit costs for ' these three categories of trash are shown in Table K.12. These unit costs are
in dollars per cubic foot of material prior to treatment.

Table K.12. Estimated Unit Cc,sts for l-lanagement of Trash
(dol lars/ f ts)

Waste Type and Container Treatment Condi t i  oni  ng
Packaging &

Handl i  ng

1. Combust ible trash
(55-gal lon drun)

2. Compact ible tnash
(55-gal lon drunr)

3. Noncombust ible,
noncompactible
trash (l.SA box)

ユ.30

0。32

NA

0.184

NA

NA

0.09

0.71  ~｀

2.97

acement fmmnb1lfzatton of ash.  Ust3 of vttnyl ester styrene increases cost

by about SO.70/fta.

K.2.4.4 Contaminated Equipment and lrr .adiaterJ Hardware

Some rif the contaminated equipment and irradiated hardware can be packaged in wooden LSA boxes
and shipped in an unshielded conf igurat ion. ' fhe 

unit  costs for nanagement of these mater ia ' ls are
essent ial ly the same as those described abo're'  Thus, for these low-act iv i ty mater ials,  the total
est imated costs in Sect ion 8.3.6 were based on costs of $930 and $1130 per tSA box.
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K12.5  Sectlon 9‐‐Cost of Storade, Transportation and Disposal of Sol号d Waste

The coSt elements in this ftnal step of the radioactive waste nanagenent cycle cover the fncre―
8Bental and total costs モ nvolved モ n the transportation of the sol:d waste from TMI and the subse―

quent offsite storage, treatment (lf appllcable) and dtSposal charges.  In general, the cost

i l : 軽! 塩路 辞 と譜 格納 捕 品 晶 督 描 品 槽 盟 ‰ 縦 瑞 響 阜格 輪 ま辞 私 1 謄

are discussed below.

For the purpose of bound:ng disPosal costs, the costs assoctated with both the maximun transit
distance to HanfOrd (Richland), WaShington, and the mtntmun distance to West Valley, New York,

are determtned for both the best―  and worst― case nunber of shtpments.

The shtpment and dlsposal costs for low。 level waste (Lと W)are based on direct shipment offsite to

:。gi:!∝ 瑞 ゴ甜 檎 酬 品 滞 譜 幣 瑞 器 器 帯 補 朋 路 守 碑 株 括t∫母 摺 肝 柵

t

are shown ttn Table K.■ 3.

Table K.13. Low-Level tJaste Transportation and Disposal Costs
(thousands of dollars)

Type of Waste

Number of Shipments
Transportation and

Disposal Cost Ranqes

Best Case l{orst Case l{est Valley Hanford

Unshielded waste

Ion-exchange material
(s ir ie l  ded)

EPICOR II  (AFHB)

Zeol i te lresin
( reac tor  bu i ld ing)a

RCS proeesses

Shielded drums

l,li scel I aneous shi el ded
waste

Total s

148 295 1196 - 2471    1,509 - 3,327

865 tt1 1000    1,331 - 1,615４

　
　
　
７

　

５

　

　

１

８

　

　

３

　

６

　

９

69

９

　

２

　

　

１

１

　

４

115 - 490

145 - 713

225 - 500

6■ - 1104

2607 - 6278

176 - 741

225 - 1,154

487 - 1,081

177 - 2,850

3,905 - 10,768

17 206

aTransportation
to be the same

and disposal cosl t ,s for the
as those used for the high

zeo l i te  l iners  have been assumed
act iv i t y  p re f i l te rs .
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K.3  FACIL IT IES

A tabulation of the various facilities that may be needed to support the T1'lI-2 cleanup is presented
in Table K.14. Provided is a tabulat ion of those faci l i t ies that are classi f ied as general
support and those that are directly associated with a given alternative. The general sr.tpport
faci l i t ies are those considered as being needed to support  c leanup regandless of the alcernat ives
selected. They consist  of  such faci l i t ies as hot chemistry laboratory, laundry, etc.  Because
these facilities are independent of the alternatives selected, no attempt has been made to
establ ish costs.

The staff  used four methods to develop cost data for the faci l i t ies discussed in Sect ion K.2:
(1) when costs have already been incumed by the licensee, costs and/or cost-to-complete data
have been used (examples are EPICOR II  and the SDS); (2) when faci l i t ies have not yet been
designed and engineering specif icat ions not yet developed, but have been ident i f ied by the
l icensee as possibly needed, the l icensee's cost est imates have be-en used after review by the
s ta f f .  Fac i l i t ies  such as  the  conta inment  serv ice  bu i ld ing  is  an  exanp le ;  (3 )  when fac i l i t i es
have been ident i f ied by the staff  as possibly needed, but for which l i t t le or no information
exists regarding specif icat ions, the staff  has used engineering judgement based upon previous
construct ion costs of somewhat simi lar faci l i t ies (examples of these types of faci l i t ies are
mockup poo ls  and f i l te r  back f lush  fac i l i t i es ) ;  and (4 )  in  the  case o f  fac i l i t i es  fo r  wh ich  l i t t le
or no information exists but which are single-process or iented, the staff  has used a standard
procedure developed by the U.S. Environmental  Protect ion Agency to est imate costs.2

Tab le  K .14 .  Genera l  Suppor t  Fac i l i t iesa

Liquid Radwaste Processing Bui lding (Evap)

Personnel Access Faci l i ty (PAF)

Decontaminat ion Demonstrat ion Faci l  i ty (DDF)

Low Leve1 Count ing Faci ' l i ty (LLC)

Sewage Treatment Facil ities

Search-Eniry Faci l i ty

Warehous i ng

Admin is t ra t ion  Bu i  ld ing

Secur i ty  Admin is t ra t ion  Fac i  I  i t ies

T L D  F a c i l i t i e s

T ime 0 f f i ce  and Brass  A l ley

Res in  So l  id i f i ca t ion  Fac i l  i t y  (RSF)

Equipment and l ' later ial  Radwaste Staging: Medium-High (RSFH)

Equipment and l , later ial  Radwaste Staging: Low (RFSL)

Laundry  Fac i l i t y  (LF)

Low Level Waste Processing I ILLWP)

Hot Chemistry Laboratory (HCL)

Proposed Pnocessed tdar,er Storage Tanks (Up to 8 addit ional tanks)

New Permanent Security Fencr:

Inter im Securi ty Fence

aBased on BECHTEL Drawing No. 2-C0A-0001, Rev. 3.
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■.  Memorandum from RoJ. HcConnell, Argonn●  Nattonal Laboratory, to Distributton, ‖ PEIS Costing
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2.  8BA standard Procedure for Cost Analysts of Pollutギ on Contro1 0perattons,・
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PrOtection Agency, EPA-600/8‐ 79-018AB, 3une 1979.
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In 10 CFR Part 20.101(b), the occupational '  dose of radiation workers of up to 3 rem whote-body
per quarten (three months) is permitted if  the workers meet certain condit ions relative to previ-
ous cumulative dose record, age, and the l icensee's determination of the workers' cumulative
occupational dose to the whole body. Those who do not meet these conditions are restricted to
much lower doses.

In i ts radiological protection program, the l icensee has estab' l ished administrative check points
for occupational dose which are more str ingent than the regulatory l imits of 10 CFR Part 20.
These administrative check points indicated in the l icensee's Radiation Protection Manua'|,  Admin-
istrative Pnocedure 1003, are stepped to make it  dif f icult fon individuals to appnoach the 3 rem
per quarter regulatory l imit and thus greatly reduce the potential for violating this l ' imit:

0 - 1 rem per quarter

I '  2  rem per  quar ter

2 - 3 rem per quarter

Administrative check point to ensure compliance with
10 CFR Part 20

Written authorization required from Radiation
Protection Supervisor (RPS)

trJri t ten authorization required from RPS and Unit
Supervi sor

The NRC staff recognizes the value of this approach and the fact that i ts application results in
occupational doses that rare'ly exceed about 1 rem per quarter. Therefore, for the purpose of
estimating the major work force requirements for the decontamination operations, the staff al lowed
fon an average individual dose of 1 rem per quarter in Tl. l I-2 cleanup operations. However, by use
of 1 rem per quarter for i ts calculations, the staff does not intend to preclude individuals
being al lowed to receive up to 3 rem per quarter, should i t  be necessary, nor are such doses
prohibited by the' l icensee's procedures. Indeed, for some speeial operations, i t  may be prudent
to al low individuals to receive up to (but not over) the 3 rem per quarter l imit to accomplish a
task in  the opt imal  manner  and reduce overa l l  person-rems (e.g. ,  a  h igh ly  sk i l led employee) .

Use of  a  h igher  ind iv idual  dose would resul t  in  a reduct ion in  the number of  exposed ind iv iduals
required to do the work, but these trained personnel would then be expended earl ier in the decon-
tamination process and would be unavailable for further radiation work during the quarter.
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|!    APPENDIX N.  ICCUPAT10NA“  RADIAT10N EXPOSURE DURIN6 0NSITE WASTE HANDLING

N.l  INTRODuCT10N

Handling of radicactSve waste generated at TMI‐2 involves the following major steps that will
result in occupational radtation exposure to site personnel:

。 Transfer of 501ld materials from 50urCe to packaging station

' WISte packaging

・ Transfer of packaged waste to onsite stagSng/storage facヽ lities

・ Transfer of packaged waste from onsite storage facilities to truck loading area

・ Truck and shipping cask loading

・ Survey of trucks and shipping casks prior to transport

The occupatlonal dose received during each of these major steps wヽ1l depend on the radiation
field in which the operations are performed, the crew size, and the time required to perform the

operation.  The bases used to estimate the cccupational dose tncヽどent to each of the ma30r steps
descrlbed above for each of the major waste forms are discussed in this appendix.  To prepare
these estimates, the staff made the following basic assumptions:

1.  Systems used to comPct trash would be operated by a crew of two in a 2‐ mR/hr fie]d.

2.  Drums or と SA boxes with surface radiation levels below 200 mR/hF would be handled
unshielded, with distance from the package being the primary basis for reduction of the

radiation field.

3.  Packages wSth surface radiation levels above 200 mR/hr would be handled either remotely

or within a transfer shield,  The average radiation field personnel would be exposed to

during these handling operations would be 2 mR/hr.

4.  Packaged waste stored onsttte would be segregated by radiation level.  Packages wit,1

surface radiation ievels below 200 mR/hr would be stored in an area where removal wi]]

exPose personnel to an average radiation field of 10 mR/hr.  Psckages with higher

surface rad村 ation levels would be removed from storage using remote handling tech―
niques, and the average radiatlon field per30nnel would be exPosed to is 2 mR/hr.

5.  The lo3ding Of unshielded Packiges onto a transport vehSc]e for unshie]ded shipment

would be performed in an average radiat,on field of 20 岡 R/hr.

6.  For shielded cask shipments, the average radiation level at the surface of the shipping
cask would be 50 mR/hr.

7.  Preshヽ pttent survey5 0f C10sed vans used for unshielded shipments and of shipping casks
would be performed in an averac」 e radiation field of 10 mR/hr.

These baslc assumptions form the basis for occupational dose estimates presented below.  Since

the operations involved and the magnitu〔 te of the radiation fields will vary wSth waste form and

package type, these estimates were prepared separately for each of the waste forms to be handlod
and shipped offslte.

N。2  SOLID MATERIALS

The sol付 d‐material waste that could be generated consists of trash, contaminated equipment,

irradfated hardware, and filter cartridges,  Once packaged, these solid materials can be divided

N‐1
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into two categories according to surface radiation level--those below and those above 200 mR/hr.
Each of these package categories is discussed below.

H.2.1 Packages with Surface Radia

The waste forms expected to fall in this category include trash, cont_aminated equipment,^-and some
ipadiated hardnare. These materials would Ue 

-pactaged 
either in 55-gallon drums or LSA boxes

(3 '  x  4 '  x  6 .5 )  w i th  a  vo lume o f  80  f t3 .

Detai ls on crew size, work effort ,  radiat ion f ie lds, and occupat ional dose for the steps invol-ved
in f ,anaf ing trash patkageO in 55-gal lon drums from i ts generat ion through loading on a_truck for
oi ts i t"  shlpment ai .e gi ien in Tab-le N.I .  As shown, thC average-occupat ional dose is 5 person-
mrem per drum generatEd. [etai ls of  the steps involved in handl ing noncompact ible trash, con-
laminiieO equip-ment, and other hardware packaged in LSA boxes from its ge-neration throu-gh loading
on a truck ior of fs i te shipment are given in Table 1{.2. The average est imated occupat ional dose
is 26 perlon-mrem per LSA box generated.

Table N.1. Occupat ional Exposure from Handl ing of Low-Act iv i ty Trash Drums

Handl ing 0perat ion

Time
Crew Required
Size  (minu tes)

Radi at i  on
F ie ld  Number

(mR/hr) of Drums

Uni *.
Occupat ional Dose
(person-mrem/drum)

Pickup and transfer to
packaging area

Drum loading/compaction

Pickup at packaging area

Transfer to storage area

Placement in storage area

Pickup at storage area

Transfer to loading area

Placement in loading area

Truck loading

Truck survey

Total

1

2

2

1

1

I

1

I

2

1

5

6

5

5

3

3

5

3

5

15

2

20

20

10

l0

20

20

20

10

1 0  0 . 5 4 t . 7

0 . 4

0 . 8 3

0 . 4 2

0 . 1 3

0.  13

0 . 4 2

0 . 2 5

0 . 8 3

0 .  0 3

t $

１

４
ｂ

４

４

４

４

４

４

９０

aThe volume of waste handled in this operat ion is equivalent to half  the volume of one
drum.

bAft" ,  packaging, drums are transferred by forkl i f t  on four-drum pal lets.

These unit  occupat ional dose est imates are the basis for the est imates of occupat ional doses
presented  in  Se i t ions  5 ,6 ,7 ,  and I  fo r  these waste  fo rms fo r  d rums and LSA boxes .

N.2.2 Packages with Surface Radiat ion Levels Greater than 200 mR/hr

The waste forms expected to be in this category include spent f i l ter cartr idges, sgmg contami-
ni i "J-"quipr"nt,  i i radiated hardware, and immobi l ized incinerator ash. These mater ia ' ls would be

;; ; i ;g"d' ih SS-lat lon drums and in large r:y_l indr ica-1._and rectangular meta. l  containers- Detai ls
f i - ih;  steps iniolved in handl ing a typical  spent f i l ter cartr- idge _from i ts generat ion through
;;d;t  of- i . t re i t r ipping cask used-for ih iprnent are given in Table N.3. The average occupat ional
Oose 

-ls 
at,uijt fl iLrs6n-mrem per cartridgrr, or about 77 person-mrem per drum. This was used to

est imate spent f i i ter cartr idge handi ing drrses in Sect ions 5 and 8.
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Occupational exposure data for the steps involved in handling relatively high-level contaminlted
equiiment and iiradiated hardlare are given in Table 1{.4. It is based on packaging in contairers
of 70 fts capacity compatible with shinlded shipment, with sectioning and disassembly operations
perforned using renote techniques. Thn average estimated occupational dobe per disposable con-
tainer is 38 person-mrem. This value ras used to estimate occupational doses in Sections 6 and
8.

Table t|.2. Occupational Exposure from Handling of LSA Boxes

Crew
Handl ing 0perat ion Size

Time
Requi red
(mrinutes)

RadiatSon

F i e l d

(冊R/hr)

Unit

Occupational Dose

(perSCn―mrem/box)
Number

of Boxes

Pickup and transfer to
packaging area I

Segregation 1

Sectioning/disassembly" , 2

8ox loading 2

Transfer to storage area 1

Placement in storage area 1

Pickup at storage area 1

Transfer to loading area I

Placement in loading area 1

Truck loading I

Truck survey 1

Total

5

5

30

15

1う

【↓

こ|

5

3

5

15

10

20

20

20

20

10

10

20

20

20

10

0.25b 3 . 3

1 . 7

4

10

1 , 7

0 . 5

0 . 5

1 . 7

1

1 . 7

0。28

～ 26

１

５

ざ

１

１

１

１

１

１

９

aBased on sect ioning/disassenrbly of 20 percent of waste received.
bvolrr"  of  waste handled in this operat ion equivalent to one-quarter the volume of one
box.

cAften packaging, boxes are handled by' forkl i f t .

Steps involved in handl ing incinerator ash from i ts generat ion as combust ible trash th 'rough sur-
vey of the shipping cask used for drum shipment are pnesented in Table N.5. The average est i -
mated occupat ional dose is 18 person-mrem per drumo the.f igure used in Sect ions 6 and 8 to est i -
mate occupat iona' l  exposure i f  t rash is incinerated.

N.3 PROCESS SOLIDS

The process sol ids t-hat could be genenated consist  of  expended ion-exchange mater ials from the
EPIC0R II  system, che zeol i te/resin system, and the evaporator/resin system; accident sludges;
and evaporator trirttoms. These wastes will tre packaged in drums or large containers with surface
radiat ion levels in excess of 200 mR/hr and w' i l l  be handled using remote techniques. The basis
for est imating occupat ional exposure incident to waste handl ing for each of these waste forms is
discussed below.

N.3 .1  EPICOR I I  Res in  l {as tes

Est imates of the occupat ional exposure fronr the steps involved in handl ing resins generated by
use of the EPICQR II  system are given in Table N.5. The average occupat ional dose per res' in
l iner is est imated as 18 person-mrem. The same values given in the table are appl icable to
handl ing of the 50-f ts resin l iners that could be generated by the evaporator/resin system 9!t-
cussed 

- in 
Sect ion 7.3. These unit  occupat ional dose est imates are the basis for waste-handl ing

dose est imates for EPICOR II  l iners in Sect1ons 5 and 7 and evaporator/resin system resin l iners
in  Sec t ion  7 .
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Table N.3. 0ccupat ional Exposure from Handl ing of Spent Fi l ter Cartr idges

Handl ing 0perat iona

Time
Crew Required
Size (minutes)

Radiat ion
Field Number of

(mR/hr) Cartridges

Unit

Occupational Dose

(perSOn‐mrem/
cartridge)

Removal from housing

Placement in transfer shield

Transfer to packaging station
Packaging in drum

Transfer to high-activity storage

Removal from high-activity storage

Placement in shipping cask
Shipping cask closure

Truck survey

Total

2

2

1

2

1

1

1

1

1

10

5

15

5

15

15

10

15

15

０

０

２

２

２

２

２

０

０

２

２

　

　

　

　

　

５

１

ｂ

　

　

　

　

　

　

Ｃ

ｌ

ｌ

ｌ

ｌ

７

７

７

９

９

４

４

6 . 7

3 . 3

0 . 5

0。33

0。07

0.07

0.05

0。25

0.05

～ 1 1

aAl ' l  handl ing is performed remotely.
bEach 55-gal lon dnum contains seven cartnidges.
cEach cask contains an average of seven drums.

Table N.4. 0ccupat ional Exposure from Handl ing of I rradiated Hardware
and Contaminated Equipment

Handl ing Operat ion
Ｗ

ｅ

ｅ

ｚ

ｒ

・１

Ｃ

Ｓ

Time

Required

(minutes)

Radfation

F l e l d

(mR/hr)

Number of
Contai  ners

Unit
Occupational Dose

(perSOn‐mrem/
container)

Pickup and transfer
to packaging area

Segregation

Secti oni ngldi sassembly

Container ioading

Transfer to storage area

Removal from storage area

Transfer to loading area

Placement in shipping cask

Sh ipp ing  cask  c losure

Truck survey

Total

1

1

2

2

1

1

1

1

1

1

15

10

30

15

10

5

10

10

15

15

０

　

０

　

０

　

０

　

２

　

２

　

２

　

２

　

０

　

０

１

　

１

　

１

　

１

　

　

　

　

　

　

　

　

　

　

　

５

　

１

0。25

1

2a

l

1

1

1

1

1

1

10

1 . 7

5

5

0.33

0。17

0.33

0.33

13

2 . 5

～ 38

"Assumes 5{ l  percent  wi l l  be remotely  d isassenbled or  sect ioned.
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Table N.5. Occupational Exposure from Handling of Irmobilized Incinerator Ash

Handling 0peration
ｒ

ｍ

ｅ

ｕ

ｈ
】

ｒ

ｍ

Ｄ

ｕＮ

ｆ０

Ｗ

ｅ

ｅ

ｚ

ｒ

・１

Ｃ

Ｓ

Tttme      Radjation
Requttred      Field

(minutes)   (mR/hr)

unit

Occupational Dose

(perSOn―nren/drum)

Pickup and transfer to
packaging area

Segregation

Inci nerationb

Imnobi l izat ion and packaging

Transfer to storage area

Removal from storage area

Placement in shipping cask
Shipping cask c. losure

Truck survey

Total

５

５

０

０

５

５

０

５

５

３

２

　

　

１

１

１

10

20

2

2

2

2

2

50

10

0.13

0 . 5

0 . 5

1

1

1

1

18C

18

8.3

3.3

4

1.3

0。17

0.17

0.33

0.69

0.14

～ 18

aEach drum contains the equivalent of 175 ft3 trash.
blncinerator throughput of 350 ft3 trash per hour.
ct{ i th drrm at 2 R/hr,  shipping cask capacity is 18 drums.

Tab le  N.6 .  0ccupat iona l  Exposure  f rom Hand l ing  o f  EPIC0R I I  Res in  L iners

Handl ing Operat ion

Time
Crew Required
Size  (minu tes)

Radiation
Field      Number

(mR/hr)   of Liners

Unit
Occupational Dose

(perSOn―mrem/1iner)

Transfer to truck transfer cask

Transport to storage area

Transfer to storage

Place in storage

Remove from storage

Load shipping cask

Cask closure

Survey truck

Total

２

　

２

　

２

　

２

　

２

　

２

　

０

　

０

５

　

１

０

　

０

　

０

　

０

　

５

　

０

　

５

　

５

１

１

１

１

１

１

１

１

0。67

0。33

0.67

0.33

0.50

0。33

13

2 . 5

～ 18
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N . 3 . 2  Z e o l l t e / R e s S n  S y s t e m  W a s 上堂

並叩s市画ぃd市柏甜市g抽 ぃ,に並 靴靴 「胤謂辞亀出品認 補 屯system are presented in Table N.7.  As shown, tt

i i o R : i S 名は] l r 尼踏た、縦s d 盤智紺ゴ予: ♀
e i a t t e 為

: B  H n e r s  w o d d  b e 揃l a L  T h e s e  u t t t  o c c u p a ―
andling doses estimated for zeolSte/resin system

liners in Sect号ons 6, 7, and 8.

N。3.3  Evaporator Bctto冊 S and Accident Sttudge

Detatis si the Steps involved in packaging and handling evaporator bottoms and accident sludgo
are presented in Table N.8.  The estimated unit occupational dose for both waste forms in the
immobllized condition is 5 person‐ mrem per drum.  These unSt occupational dose estimates were
used as the basis for waste― handling dose estimates for accldent sludges in Section5 5 and 6 and
for evapora↓or bottons ln Sectギ on3 7 and a.

N . 3 . 4 苗 q u t t d s

The l村quids that could be generated consist of chemical decontamination solutions,  SoFle drum3 0f
illgnobl l:zed decontamination solutions will have surface radttation levels below 200 mR/hr and

others wlll have surface radiation levels above 200 mR/hr.  Occupational exposure information for

the steps Snvolved in handling the low― activity drums is given in Table N.9,  The average esti―
mated occupational dose is abaut 3 person― mrem per drum.  Similar information is presented for
the intermediate。 level solutSons in Table N.10.  The average estimated occupatio,al dose is also
about 3 person‐ mren per drum.  These values were used to estimate occupational dose for packaged
deconta冊村nat村on solutions in Sections 5, 6, and 8.

N-6
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Table 11.7. Occupational Exposure from Handling of Zeolite Resin System Liners

Handling 0peration

Time
Crew Required
Size (minutes)

Radiation
FSeld      Number

(調R/hr)   of Liners

Untt
Occupational Dose

(perSOn―「lren/1iner)

Transfer to storage
(undemater)

Transfer from storage
(undervater)

Load shipping cask

Cask closure

Survey truck

Total

2       15

2       30

1       15

1       10

1       15

２

　

２

　

０

　

０

５

　

１
ａ

１

　

１

　

１

　

２

1

2

0.5

8。3

1.3

～ 13

410-fts liners are shipped two casks per truck.

Table N.8. Occupat ional Exposure from Handl ing Drums of Evaporator Bottoms
and Accident Sludge

Hand l ing  0pera t ion^

T ime
Crew Required
Size  (minu tes)

Radiation

Field      Number

(mR/hr)   of Drums

Unit

Occupationa]396e

(perSOn―mrem/drum)

Transfer to storage

Removal from stonage

Placement in shipp' ing cask

Cask closure

Truck survey

Total

1       15

1       15

1       10

1       15

1       15

ａ

１

　

１

　

１

　

５

　

５

２

　

２

　

２

　

０

　

０

５

　

２

0 . 5

0 。5

0.33

2 . 5

1

～ 5

aExpected radiat ion1evels wi l l  permit  between four and seven drums per cask shipment.
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Table N.9. 0ccupat ional Exposure from Hand' l ing Drums
of Low-Act iv i ty Decontaminat ion Solut ions

Handl ing 0perat ion

Time
Crew Required
Size  (minu tes)

Radi ati on
Fie ld Number

(mR/hr) of Drums

Unit

Occupational Dose

(perSOn―mrem/drum)

Pickup at packaging area

Transfer to stoFage area

Placement in storage area

Pickup at storage area

Transfer to loading area

Placenent in loading area

Truck loading

Truck survey

Total

2

1

1

1

1

1

2

1

5

5

晨

3

5

3

5

15

０

　

０

　

０

　

０

　

０

　

０

　

０

　

０

２

　

２

　

１

　

１

　

２

　

２

　

２

　

１

ａ
４

４

４

４

４

４

４

０９

0.83

0,42

0。13

0.13

0.42

0.25

0.33

0.03

～ 3

"Af t " "  packaging,  drums are handled on a four-drum pal le t .

Table N.10.  Occupat iona' l
o f  In termediate-Level

Exposure from Handl ing Drums
Oecontami nat ion Sol ut ions

Handl ing Operat iona
Ｗ

ｅ

ｅ

ｚ

ｒ

・１

Ｃ

Ｓ

T ime
Requi red
(mi  nutes )

Radi  at i  on
F ie ld  Number

(mR/hr)  of  Drums

Unit

Occupational Dose

(perSOn―mrem/drum)

Transfer to high-act iv i ty storage

Removal f rom high-rct iv i ty storage

Placement in shipp, ing cask

Sh ipp ing  cask  c lcsure

Truck survey

Total

1

1

1

1

1

15

15

10

15

15

ｂ

　

ｂ

ｌ

　

ｌ

　

ｌ

　

０

　

０

１

　

１

２

　

２

　

２

　

０

　

０

５

　

１

0 . 5

0 , 5

0。33

1 . 3

0 . 2 5

～ 3

aAl ' l  operat ions performed remotely.
bAu"""g" cask radiat ion level of  < 20 R/hr;hipped in a l4-drum cask, > 20 R/hr to 100 R/hr
shipped in a seven-drum cask.
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APPENDIX 0. DEC0NTAI.IINATI0N STATUS 0F AUXILIARY AND FUEL HAiIDLING BUILDINGS

The decontaminat ion status of the Auxi l iary and Fuel Handl ing Bui ldings (AFHB) as of Septemb-e-r.1,
1980, is sunmarized in Tables 0.1 through-0.3 for three di f ferent elevat ions within the bui ld-
ings. The f loor plans of the Auxi l iary ind Fuel Handl ing Bui ldings for these same elevat ions are
sh6wn in Figures b. l  througn 0.3, and the area labels in the f i rst  column of the fol lowing tables
are keyed to the labels in these figures.
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Figure O。 2.  Auxtllary and Fuel Handling Buildings, 305-Foot Elevation.
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Figure O.3.  Auxlltary and F、tel Handling Buildings, 328-Foot Elevation.
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APPENDIX P. CHEI,IICAL SYSTEMS FOR DEC0NTAI.IINATI0N 0F PRII,IARY SYSTEI{ COMP0NENTS

The staff assumes that 50 to 90 percent of the contamination remaining in the primary reactor
coolant system after drain/f lush-operations wil l  be present as activation and f jssion product
plateout iocated in the corrosion iroduct f i lm. The iemainder wil l  be small amounts of part icu-
iate matter not removed by the Ori in/ttush operations. Fi lms on stainless steel and other high
nickel al ' !oys are not easiiy removed and require either corrosive treatments or some condit ioning
step to chinge the f i lm chiracterist ics. Fi lms formed on surfaces of primary coolant_systems of
nuciear reacaors have been investigated, and satisfactory procedures have been developed for
removing these f i lms and decontaminating the sunfaces.l

Nuclear reactors can be decontaminated by use of relatively concentrated reagents (5 to 15 wt %)
or di iute neagents (1000 wt ppm). Deconiamination with both concentrated and di lute reagents has
proven succesiful ih ' lowerin! radiation levels. The di lute reagent decontamination- process is
hesigned for relatively frequlnt decontaminations but does not remove as much contam'ination as do
the concentrated reagents.

All  chemicals used for the TMI-! reactor coolant system decontamination would be high-purity
reagents (reagent grade) with very low concentratjons of Cl- and F- ( ions that can cause stress
coriosionj. Ttre chemica' l  feagenta used in decontamination normally ar9 obtained in concentrated
form and iequire di lut ion with water. Large tanks with mixing capabi ' l i ty are required.to prepare
the solutions. The TMI-2 reacton bleed t inks or the borated water storage tank could provide
th is  capabi l i ty .

P.1 OXALIC.CITRATE-PEROXIDE PROCESS

The solvents formulated to  d issolve the f i lms on s ta in ' less s teel  and h igh n ickel  a11oys,  des-
cribed below, do not dissolve uranium oxide (U0z) part iculate matter. I f  s, ignif icant. amounts of
U02 par t icu l i tes remain fo ' l lowing the f lushing/dra in ing operat ions, .an oxalate-perox ide so lvent
apfit ication may be required to re-move the part iculates prior !o appl_iqa.t ion of one of the conven-
t ibnal  decontahinat io i r  processes.  In  genbra l ,  oxalate-perox ide so lut ions for  f iss ion product
decontamination from metal surfaces are superior to conventional decontamination solutions and
have low corrosion rates on carbon steel ( lbss than 0.00001 inchlhr). 0f nearly a hundred formu-
la t ions s tudied,  the one having the best  combinat ion of  Iong l i fe ,  low corros iv i ty ,  h igh so ' lvency
for U02, decontimination power-, safety, and ease of waste disposal was an aqueous so-lut ion of
0.4 mol- i r  (M) oxal ic  ac id,  0 .16 H ammonium c i t ra te,  and 0.34 M hydrogen perox ide_adjusted to
pH 4.0 wi th  immonium hydrox ide. l  Th is  so lvent  is  appl ied at  85 to  95"C for  severa l  hours.

P.2 OPG PROCESS

The chemical  equat ion for  the OPG (oxal ic-perox ide-g ' luconic)  so lut ion is  Na2C20a.  I t  consis ts  of
0 .025  M H2C20{ ,  O .S  M H202 ,  0 .013  M g lucon ic  ac id ,  and  0 .045  M sod ium g lucona te  a t  a  pH  o f  4 "5 .
It is retitiviiy fast attli'ng, one to four hours at tlp SOoC pro_cess te_mperature., and_it is com-
pat ib le  wi th  ca ibon stee] ,  s t 'a in less s teel ,  Inconel ,  Zn '2 and Al .  0xal ic  ac id is  wel l  known for
i ts  e f f icacy in  removing rust  f rom j ron and is  so used in  c leaning compounds for  automobi le
cool ing sys iems.  Prepaiat ions conta in ing oxal ic  ac id have been studied for  the def i lming and
decont imi ia t ion of  nuc ' lear  reactors a ' lo ig  wi th  the s imul taneous d issolut ion of  U02.2 These
studies have proven the so lut jon 's  ef fect iveness in  the processes l {  achiev ing decontaminat ion
i i i iors is ni!n as 1000 on stainless steel. The pro_cess has been effec-t jvely app.l ied.throughout
the nuclear  in tust ry .  The so lut ion was user l  for  fue l  par t icu late d issolut ion dur ing decontamina-
t ion of the PRTR reactor.

Severa l  system volumes (one to  f ive)  might  he.needed. i f  fue l  par t icu-1ate d isso ' lu t jon is  necessary
in orA"r io  achieve the desi red decont iminat ion.  The processing of  the resul t ing contaminated
solut ion would be s jmi lar  to  that  descr ibed for  the a lka l ine permanganate processes descr ibed
bel ow.

P-1
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The advantages of-this process,are (1) it has been successfully used to dissolve U02 and deconta-
minate reactors, (2). i t  qccomplishei both function's sinultane'ously and, (3) high dEcontamination
factors are achieved. The disadvantages are (1) large quantities-of ctreiiial ieagents would be
required, (2) although the process is-compatible wit-h rbactor naterials, some coirosion dses
occur, and (3) additional chemical decontimination may be required aftef fuel particulate dis-
solution is complete.

P.3 CAN-OECON PROCESS

The CAI{-DEC0N pr_oprigtary processx would involve the addit ion of di lute (0.1 wt%) chemical
reagents to.the l iquid in the reactor coolant system. The solution of acidic reagents would
attack a port ion of the corrosion product ' layer-and 

release part iculates and dissolved material
to the solvent. The part iculate material would be removed dy f i l trat ion. Cation resins would
remove the conrosi-on pr-oducts from the complex and negenerate the reagent--a process that would
minimize the quantity of reagent required.

A commercial ly available^ reagent, l{utek L-106x* (citr" ic-oxalic-EDTA type) has been used in this
process at the Oouglas Point Reactor.s The solvent is necirculated id up to 150oC for several
hours in a carbon- steel system or for up to several days in a stainless steel system. Corrosion
rates are 0.0001 inch/hr for carbon steel and less than 0.00003 inch/hr for stainless steel. The
gtaff expects that there would be no deleterious aftereffects with the process and that decontam-
ination factors of 6 to 8 would be achieved.a

The di lute chemical CAN-DEC0N decont_ami.nation technique would require l i t t le addit ional equipment
lgyol{ -that needed for conventional decontaminatiori processes using strong reagents. Sinte
CAN-DECON is a one-step process_, no draining or f lushing of the systim wouli be iequired during
the decontamintion treatment. The treatmenL uti l izes a cation reJin to str ip radionuclides from
the process chemicals during the decontamination operation. This effectively regenerates thz
process solution. l , lhen the process was completed, the reagent and nemaining i isso.-lved corrosion
products would be removed by mixed-bed resins or a cation bed and a mixed UeC in series.

The.advantageq 9f- this process are (r) i t  is a one-step process, (2) secondary waste streams are
minimized, and (3)-the process already has been used in reactor detontaminati6n (Canadian reactors).
0isadvantages are (1) modest decontamination factors, arrd (2) long reagent contact t inre.

P.4 ALKALINE PERMANGANATE-CITROX PROCESS

The_alkaline permanganate (AP)-citr ic acid-oxalic acid (Citrox) process has been used success-
!-qltY for the decontamination of stainless steel and Inconel parts of reactor systems.s,s For
Tl. l I ,-the procedure would consist of two steps: an AP pretreatment at 105oC for 4 hours, fol lowed
by rinses, then further cleaning by a solution of organic acids (citrox) at BOoC for B hours and
more rinsing. Heat wg-u1d be supplied by_ the pump heal or a heat exchanger. From 1 to 5 primary
system volumes of radioactive waste could be created during this procesi.6 More than 80 perceni
of  th is  est imated process l iqu id vo lume (n400,000 gal lons lcould be expected to  have low' radio-
activity l_evels in a recycle stream. This Iarge volume/low radioactivi ' ty stream would represent
the  r i nse  l i qu ids .

High decontamination factors (up to 1000) have been experienced with AP-cjtrox treatments. An
average decontamination factor of 10 to 100 could be expected from treatment of the TMI-2 primary
system by this method,

Evaporat ion and so l id i f icat ion methods would be used for  f ina l  d isposal  o f  the chemical  so lu-
t ions. It  mi.ght be necessary to treat the AP solution to reduce the permanganate prior to f jnal
treatment. The rinse water would be treated with ion-exchange resins prior to disi,osal.

Alkal ine permangana^te_i.9 10 weight.percent sodium hydroxide and 4 weight percent potassium perman-
gana te ;  c i t r ox  i s  0 .2  M oxa l i c  ac id ,  0 .3  M c i t r i c  ac id ,  and  0 .02  M como i ion  i nh ib j t o rs .  Abou t
80,000.k9 (88 tons) of chemicals woul. j  be required for the chemical decontamination program.
Corrosion rates for 304-stainless steel and Inconel-600 result ing from use of these reagents are
very 1ow (0.0000004 in lhr ) ;s  however ,  the 'presence of  su l fa te would accelerate the corr"os jon of

*London Nuc lear  serv ices ,
**Formulated and marketed

Ltd .  ,  N iagara  f :a l1s ,  NY.

by Nuclear Technology Corporat ion, Amston, CT.



Inconel-600 and care would have to be taken to
carbon steel and 400 series stainless steel are
at temperature for about 4 houns-

exclude it  from the system. Comosion rates for
0.0001 to 0.0005 in , /hr .s  Fach so lut ion is  appl ied

The advantaggs-_oJ t tr is process are (1) i t  has been successful ly used worldwide to decontaminate
reactors, and (2) h- igh-decontaminat ion factors could be expected. The disadvantages are (1) large
quant i t ies of chemical neagents would be required, (2) c irbon steel and 400-serjes stainiess
steel would corrode sl ight ly in these deconthminat ion solut ions, (3) the AP vraste stream is a
strong oxidant and might require addit ional t reatment.  (This is normal ly handled by mixing the
waste AP with the waste acid stream to neutral ized each stream).

P. 5 ALKALINE PERI4ANGANATE.AIIMONIUM CITRATE

Alkal ine.permanganate-ammonir:n ci t rate (APAC) would be a two-step process, nearly ident ical  to
the- AP-ci trox_pro-cess. Ammonium ci trate concentrat ion would Oe 0.4 u. Ethylene:diamine-tetra-
acet ic acid (EDTA)-complexing agent (0.01 l . | )  would be added to the system to-prevent redeposit ion
o f  cen ta in  so lub i l i zed  f i ss ion  produc ts .

The APAC treatment was use'd as part  of  a nult istep process to decontaminate the Plutonium Research
Test Reactor (see Seit ion 1.5),  a pressurized water reactor.s A modif ied APAC procedure has been
used severa l  t imes t6  decontaminate  h igh-a l1oyed mater ia ls  in  the  f ie ld .6

Cof fos ion ,  app l i ca t ion  tempera tures ,  and app l ica t ion  t imes are  very  s imj la r  to  the  AP-c i t rox
process; however,  decontamint ion factors achieved with the APAC process are norrral ly 2 to 10
t imes lower. The advantages and disadvantages of this system would be simi lar to thi  AP-ci trox
process.

P.6 DO}, CHEI{ICAL NS.1

The Dow Chemical NS-l  process has been successful iy tested and used in decontaminat ion appl i -
cat ions.2 Present planning for the decontaminat ior i  of  Dresden 1 includes the use of this pro:
cess .7  -The-process  is  p ropr ie ta ry ;  there fore ,  de ta i ' led  in fo rmat ion  on  i t s  compos i t ion  and use is
no t  ava i lab le .  I t  i s ,  however ,  a  concent ra ted  process  app l ied  a t , r ,250"F and 3b  ps i  wh ich  resu l ts
in  h igh  decontaminat ion  fae tors - - lO to  100.  Ap i l i ca t ion ' t ime fo r  th is  so lvent  i ' s  on  the  order  o f
two to four days. Conrosion of Inconel and Type 304 stainless steel is 0.0000004 inlhr and of
carbon s tee l  i s  0 .0002 in lh r .  App l ica t ion  o f  the  chemica l  so lu t ion  is  fo l lowed by  r i s ing .  Water
contaminat ion concentrat ions and processing methods for this appl icat ion are expected by the
staff  to be simi lar to those described for the alkal ine permanganate al ternat ives. About 70 per-
cent of the water volume necessary could be expected to have low levels of radioact iv i ty and
represents  the  r inse  I iqu ids .  Th is  vo lume wou ld  be  a  recyc le  s t ream and as  such wou ld  represent
a  s izab le  reduc t ion  in  the  overa l l  l i qu id  inventory  requ i ied .

The advantages of this process are (1) i t  has been successful ly used to decontaminate reactor
components, and (2) waste volumes generated are less than wjth the two-step solvents. The dis-
advantages  are  (1 )  so lvent  con tac t  t imes are  1ong,  and (2 )  cor ros ion  is  s l igh t ly  h igher  than w i th
the other pnocesses.
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APPENDIX Q. ONSITE STORAGE FACILITY

To date, two concrete storage modules have been completed and the base of a third has been con-
structed. The concnete waste storage faci l i t ies are modular structures wjth each module con-
sist ing of 50 stonage cel ls.  The motules are bui l t  on an as-needed basis and are located in the
Uni t  2 -des i l t ing  Ua l in .  Suf f i c ien t  space ex is ts  in  the  des i l t ing  bas in  to  cons t ruc t  up  to  s ix
modules. The moOule design resembles a rectangular-shaped concrete cube with dimensions of 57 f t
w ide  by  91  f t  long  by  19- f t  h igh .  The modu le  base is  3  f t  th ick ,  and wa l ls  a re  4  f t  th ick  fo r
requ i r id  sh ie ld ing  ( i .e . ,  less  than 5  mR/hr  f rom a l1  sur faces) .  The s to rage fac i l i t i es  a re
located in the di-ked, protected area of the stat ion and this,  in addit ion to iheir  elevat iot t ,
protects the structures from the stat jon's design basis f lood.

The cel ls wi ' l l  prevent migrat ion of radioact iv i ty from the l iners to the groundwater.  The ce1ls
wi th in  each modu le  cons is t  o f  concre te  sh ie lded,  ga lvan ized,  cor rugated-s tee l  cy l inders  w i th
we lded s tee l  base p la tes .  Each ce l l  i s  7  f t  in  d iameter  by  13  f t  h igh .  The top  sh ]e ld lng  fo r
each is a 3-f t- thi tk rectangular concrete p' lug. The plugs are needed to prov' ide shielding and
prevent  ra in  f rom leak ing  in to  the  ce l l s .  The-ce l l  in te r io r  sur faces  are  pa in ted  w i th  a  coat ing
tha t  w i l l  fac i l i ta te  decontaminat ion .

The ce l l  base p la tes  are  prov ided w i th  a  d ra in  l ine  lead jng  to  a  sump to  co l lec t  washdowns or
l iner  d r ippage.  The sump ho lds  about  1000 ga1 ' lons  and is  equ ' ipped w i th  leve l  ' i nd ica t ion  tha t
a la rms on 'h i l t r  leve l .  A l l  l i qu ids  co l lec ted  in  the  sump are  sampled  and ana lyzed fo r  rad ' io -
act iv i ty and-processed as required (for example, through EPICOR I) .  Nonradioact ive sump, water js

dischar 'ged to the stat ion dr i inage system. The sump is designed to meet the seismic cr i ter ia of
Regu' lat5ry Guide 1.143. The module is serviced by the same mobi le crane used for the inter im
st6rage f i c i l i t y .  The modu le  i s  capab le  o f  hous ing  one l iner  5  f t  in  d iameter  by  6  f t  h igh  per

ce1 l , -o r  two l iners  4  f t  in  d iameter  by  4  f t  h igh  per  ce l1 .  A1 l  l iner  t rans fers  in to  o r  ou t  o f
the iel ' l  are made with a 100-ton mobi ie crane. The module is designed to protect the stored
l iners from the freeze-thaw cyc1e, and the sump wi '11 be protected from freezing.

The concrete storage faci l i ty can be used for storage of other h' igh-specif jc-act iv i ty wastes
which  wou ld  be  hand led  in  a  manner  s imi la r  to  tha t  descr ibed fo r  the  EPICOR I I  was te .

0-1



APPENDIX R.   PROPOSED ADDIT10NS TO TECHNICAL SPECIFICAT10NS FOR TMI-2 CLEANUP PROGRAM☆

R.1 PROGRAI.I.DESIGN OBJECTIVES

R . 1 . 1  A p p l i c a b i l i t y

Appl ies to releases of radioact ive eff luents result ing from the cleanup and decontaminat ion
operat ion of Unit  2.

R.1 .2  Ob jec t ive

To ensure that the cleanup program is designed to meet the ALARA concepts of 10 CFR parts 20
and 50 and that the program is designed to result  in environmental  impacts consistent with those
evaluated in the f inal  PEIS (1981) for Unit  2.

R . 1 . 3  S p e c i f i c a t i o n

The releases of radioact ive mater ia ' ls in gaseous and l iquid eff luents from TMI-2 during each
ca lendar  year  sha l l  be  

' l im i ted  
to  the  fo l low ing  c r i te r ia  i ' o r  o f fs i te  ind iv idua ls :

(a) The dose or dose commitment from l iquid eff luents shal l  be less than or equal to 3 mrem
to the total body and to less than or equal to 10 mrem to any organ.

(b) The air  dose due to noble gases in gaseous eff luents shal l  be less than or equal to
10 mrad for gamma radiat ion and less than or equal to 20 mrad for beta radiat ion.

(c) The dose from radionuc' l ides (other than noble gases) in gaseous eff luents shal l  be
l imited to less than or equal to 15 mrem to any organ.

R . 1 . 4  B a s e s

This specif icat ion is provided to assure that the des' ign object ives of Append' ix I  to 10 CFR part
50 are not exceeded and to assure that actual environmental  impacts are-consistent with those
assessed in  the  PEIS.

Requir ing that the numerical  design object ives of Appendix I  to 10 CFR Part 50 are met wi l l
assure  tha t  the  rad ia t ion  dose rece ived by  the  pub l ic  dur ing  the  c leanup opera t , ion  is  equ ' i va len t
to or below that f rom a normal operat ing reactor.  These doses are l ikely to have negl ' ig ible
hea l th  e f fec ts  to  ind iv idua ls  o f  the  popu la t ion .  The background rad ia t ion  in  the  area-amounts  to
about_1_16 mrem per year,  36?6 of which comes from cosmic rad' iat ion, 39% from terrestr ial  radiat ion,
and 24% from internal radiat ion (mainly K-40 deposited in the body).  0n the basis of comparison
cf the doses calculated here to those of natural  background radiat ion, i t  is suggested that the
health effects over the period from the onset of the accident through the comp' let ion of the
c ' leanup opera t ion  are  non-ex is ten t ,  espec ia l l y  in  cons idera t ion  o f  the  fac t  tha t  na tura l  back-
ground rad ia t ion  in  the  U.S.  var ies  f rom one loca t ion  to  another  w i th in  a  range o f  about  70  to
310 mrem per year.

xTh is  append ix  descr ibes  techn ica l  spec i f i ca t ions  o f  genera l  app l i cab ' i l i t y  th roughout  the  c leanup
program.  Add i t iona l  spec i f i c  techn ica l  spec i f i ca t ions  may be  necessary  fo r  par t i cu la r  c ' leanup
act iv i t ies  and can on ly -be  deve loped in  tha t  con tex t .  Thus  such ar l i l j t j ona l  techn ica l  spec i f i -
ca t ions  must  awa i t  spec i f i c  p roposa ls  fo r  c leanup ac t iv i t ies  f rom the  l i censee.

R-1
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R.2  RAD10LOGICAL REPORTING REQUIREMENTS

R.2.l Applicability

ApplSes to radioact:ve effluents resulting

Unit 2.

R.2.2  0bSectiVe

f rom the cleanup and decontaminat ion operat ion Of

To provide the NRC with dose est imates which are based on actual releases.

R . 2 . 3  S p e c i f i c a t i o n

(1)  The fo l low ing  in fo rmat ion  sha l l  be  submi t ted  to  the  D i rec tor  o f  the  Reg iona l  0 f f i ce .  Th is
in fo rmai ion  sha l ' l  be  submi t ted  on  a  ca lendar  quar te r  bas is  (January-March ,  Apr i l -June,
July-September, and October-December) and sha' l l  be submitted no later than 30 days foi lowing
the end of each calendar quarter.

(a) Est imates of the amounts and types of radioact iv i ty that were released to the envjron-
ment  dur ing  the  quar te r  and dur ing  the  ca lendar  year .  Th is  sha l l  inc lude es t imates  o f
the  to ta l  ac t i v i t y  o f  each nuc l . ide  and the  t ime ra te  o f  re lease o f  each nuc l ide .

(b )  Es t imates  o f  popu la t ions  and max imum ind iv idua l  doses  wh ich  occur red  dur ing  the  ca lendar
quar te r  and dur ing  the  ca lendar  year  sha l l  be  prov ided.  The es t imates  sha ' l l  be  based
on ac tua l  hydro log ica l  and meteoro log ica l  cond i t ions  wh ich  occur red  dur ing  the  re ' leases .
Ca lcu la t iona l  rne thods  sha l l  be  those o f  U.S.  NRC Regu la to ry  Gu ides  1 .109 (Rev ' i son  1 ,
October  7977) ,  1 .111 (Rev is ion  1 ,  Ju ly  L977) ,  L . IL2  (Rev is jon  0-R,  Apr i l  1976)  and
1.113 (Rev is ion  1 ,  Apr i l  1977) .  These ca lcu la t  . r rs  sha l ' l  be  based on  es t imates  o f
ac tua l  popu ' la t ion  d is t r ibu t ions  dur ing  the  re leases  and sha l l  take  in to  cons idera t ion
fac tors  such as  boat ing  or  f i sh ing  recrea t ion .

R . 2 . 4  B a s e s

The purpose o f  these spec i f i ca t ions  is  to  assure  tha t  the  programs genera l l y  con form to  the i r
des ign  ob jec t ives .



APPENDIX S.  CALCULAT10NS OF DISCHARGE OF PROCESSED ACCIDENT WATER TO THE ATMOSPHERE

S.1 INTRODUCTION

This appendix presents the methodology used to consider the natural evaporation alternative
discussed in Section 7.2.3.4. Two different models were used. Model one, referred to as
discrete evaporation, represents a worst case for offsite doses since jt  is based on maxjmum
evaporation rates. l ' lodel two, referred to as no-wind evaporation, represents a worst case'for
worker exposure since it  is based on static condit ions above the evaporation pond. These two
models bound the releases that could arise from implementing the natural evaporation alternative.

S.2 MODEL ONE - DISCRETE EVAPOMTION

In this case, the average monthly pond surface temperature has been assumed to be equa'l  to the

average month' ly air temperature (dry bulb). This is a conservative assumption w'i th respect to

dose rates because' i t  y ie lds conservat ive ly  h igh evaporat ion rates.  I t  is  a lso assumed that  the

ai r  above the pond is  cont inuously  rep ' laced due to wind,  so that  the HTO concentrat ion in  the

ai r  above the pond is  essent ia l ly  zero.  Th ' is  means no HTO rnolecules wi l l  condense f rom the a i r

and reenter the pond as wil ' l  some H20 mo'lecu' les. Thus, the net HTO evaporation rate, "per

molecule" ,  w ' i ' l l  be h igher  than the H20 evaporat ion rate,  I 'per  mo' lecule" .  The ef fect  o f  the

opposi te  of  th is  assumpt ion a lso wi l l  be considered.

The evaporation rate of HTO per unit area of the pond is given byl:

E T = K ( ( N T / N , ' ) P T o - P r )

Where:

E, = evaporation rate of HTO (ft lday)

NT/NW = mole rat io  of  HTO to H20 in  ther  pond (d imensionless)

PTo = saturation vapor pressure of H1'0 at the temperature of pool surface (rnm Hg)

P, = actual vapor pressure of HTO irr the bulk atmosphere above the poo'l  surface (mm Hg)

K = a parameter  that  is  constant  for  a  g ' iven set  o f  meteoro logica l  condi t ions ( f t lday

nrn Hg) .

ぐ
０
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The evaporation rate of H20 per unit area of the pond is given byr:

E ! , t  = K ( P l b - P 1 4 )

lthere:

E* = evaporation rate of H20 (ftlday)

Pl,lo = saturation vapor pressure of H20 at the temperature of the pool surface (mm Hg)

Pn,, = actual vapor pressure of H20 in the bulk otmosphere above the pool (mm Hg).

Therefore, ETIEH = ((N1/Np) PTo - PT)/(Phb - PH).

l , lhen there is wind, the bulk atrcsphere above the pool wil l  continually be replaced by air
containing no HTO vapor. Therefore, i t  was assumed that P, = 0. I t  also can be assumed that
PTo = Pl.lo'

t l i th these assumptions,

ETIEH = (NT/Nht)/(1 - P,, ' /P!{o).

In this analysis, i t  wil l  be assumed that the bulk air temperature equa'ls the pool sunface

temperature,  which means that  Pr /P*o = RH (re la t ive humid i ty) .  This  assumpt ion is  not  va l id  in
general during each hour of the day. Pool surface temperature would be expected to be less than

air temperature during the dayt' ime but greater at night. However, in this analysis, evaporation

rates are computed as monthly averages, so the assumption is considered reasonab'le.

Therefore,

ET = Ew (NT/N, ' ) / ( l  -  RH),

or

Ei = c.Eri l ( l  -  RH)

l,,fhere:

Ei = evaporation rate of HTO (gal/mc'nth)

C  =  ac t i v i t y  (pc i / ga l )

Efi = evaporation rate of H20 (ga]/mcrnth)

RH = Relat ive humid i ty

To incorporate the assumpt' ion of wind, Eu, was estimated using the Penman equation2:
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EH = Pwo ( t  -  RH) (0.5 -  uz l100)(1.138 *  10-3)

where U2 = wind speed (miles/day) at 2 meters above the surface of the pond. The total evapor-

ation rate E* can then be calculated using the assuned pond area of 60,000 ftz.

The parameters substituted in the above equation except P*o were taken from Table S.1. The

value for Pro h s estimated from the monthly temperature and from Reference 4.

Init ial ly a t ime frame of one month was assumed. This resulted in gross changes in concentra-

t ions. tn order to "smooth out" these changes, the fol lowing assumptions and methodology were

used: ( l) al l  thr- water is presumed to be ponded on July 1; (2) the pond is al ' lowed to evaporate

for two weeks, i .e., losing HTO, which was fol lowed by an inf lux of one-half the monthly pre-

cipitat ion; (3) from the evaporation loss and precipitat ion, a new concentration was calculated

at the end of the two weeks and the process repeated for successive time periods.

The results of this approach are presented in Table S.2 for a three-month period. As shown,

80 percent of the init ial HTO inventory is released. Figure S.1 presents these same results

and also includes an extrapolation of the discrete model resu' l ts. This extrapolation assumes a

constant exponential slope (e-1'04t)*, which neans that the HTO concentration in the pond wil l

be reduced b-v a factor of 10 about every 2.2 months. At this rate, the HTO concentration in

the pond wil l  approach the natural concentrations in the river (200 to a00 pCi/L) in about 1.3

years. Under natural condit ions, concentrations wi l ' l  be reduced asymptotica]]y.

To determine the effect of monthly cl imatology a similar analysis was conducted based on

ponding the water in January. Figure S.2 shows the results of th' is case, As shown, i t  takes

about 6 months to release 80 percent of the HTO and the extrapolated exponential slope {e-0'8et,

means it  requires about 2.6 months to reduce pond HTO concentrations a factor 10" Under these

condit ions, HTO concentrations approaching those natural ly occurring in the river are attained

over about a 2l-month Period.

A reduct ion in  the in i t ia l  HTO concentrat ion by f i l l ing the pond to 2.5 mi l l ion gal lons increases

the t ime required to reach background concentrations. At an init ial concentration of 0.3 uCi/mL

and a pond volume of  2 .5 mi l l ion gal lons,  HTO concentrat ions in  the 200 pCi /L to  400 pCi /L range

are reached in 36 months with July ponding. January pond'ing wou'ld increase this to about

56 months.

S.3 MODEL T'i.lO . NO-I.IIND EVAPORATION

This case is  pr inc ipa l Iy  concerned wi th  poss ib le  HTO concentrat ion in  the envj rons of  the pond,

which may be above MPCa (MPC in a i r ,4O-hour  week)  for  workers.  The assumpt ions used in  the

analys is  $rere:

★The ・
:slope・1 キ踊d月Cates that at two different times, tl and t2'

C1/C2 = exP(-1,04(tl―t2))



s-4

Table S.1. Mean Monthly Meteorological Data at Harrisburg Airport

Month Temp::普モ:|と
b(。
F) spee」

ギ
!需ph)   ?f景:;::,品古;:‖)

Rel at i  ve
Humid i ty  (%)

Jan

Feb

Mar

Apr

May

Jun

」ul

Aug

Sep

Oct

Nov

Dec

Total

30.1

32.3

41.0

52.8

63.1

72.0

76.1

73.9

67.0

55,8

43.8

32.6

8 . 4

9 . 2

9 , 7

9 。3

7 . 8

6。9

6 . 3

6 . 0

6 . 2

6 . 6

7 . 9

8 . 1

2.57

2.42

3.22

2.98

3.76

3.11

3,70

3.22

2.66

2.57

3.19

3.07

36,47

67

67

65

60

63

67

68

72

71

67

67

66

Source:  "Local  Cl imato logica ' l  Data,  1977,  Harr isburg,  Pennsylvania, r l
U.S. Dept. of Corrnerce, National Oceanic and Atmospheric Administra-
t ion, U.S. Environmental Data Service.

Table S.2.  HTO Releases to  Ai r  for  Ju ly  Ponding

Time Frame
Incrernental
Release (Ci  )

Cumul at ' ive
Release (Ci  )

Pond

Concentration

tllCt/mL)

Pond HTO
Inventory as
Percent of
Or i  g ' ina l  a

Zero

July l-15

」uly 15o31

Au9 1-15

Aug 15,30

Sept l。 15

Sept 15-30

0

730

570

390

310

180

140

0

730

1300

1690

2000

2180

2320

0.50

0.39

0。30

0.23

0。18

0.15

0 . 1 2

100

75

55

42

31

25

20

a29oo c i  o f  HTo i  n  1.54 mi  I  I  ion ga]  1ons.

=とす.:工■=fitとユことよニユユニぇ土主義ま基玄基垂連と込逸基金議甚象注裏基金真≧畠鬼曇基
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. The atrnsphere is static--no wind

. The proport ion of HTO molecules to H20 molecules is the same in the vapor and l iquid

state
. No al lowance is made for possible dispersion in the local environs of the pond,

Two cases are considered--average monthly meteorological condit ions and a realist ' ic extreme.

In either case the concentration sf HTO above the pond can be calculated from:

HTO air = HTO water (d)(RH)

l,lhere:

HTO air = concentration in air (uCi/mL)

HTO water = concentration in water (uCi/mL)

d = density of 100% saturated water vapor at temperature t (ml/g x 10-6),

Figure S.3, Reference 4

RH = relative humidity

S.3.1 Case l--Average Monthly Meteorological Condit ions

From the temperature values in Table S.1 and Figure S.3, the density of 100% saturated water

vapor may be estimated (Table S.3). Substitut ing in the prev' ious equation gives the HTO activity

above the ponds. It  should be noted that no al lowance was made for possible di lut ion with

precipitat ion, i .e., HTO water is constant over t ime and, thus, represents a worst case.

I t  is  shown in  F igure S.4 that  wi thout  d i lu t ion,  i t  is  reasonab' le  to  expect  that  MPC. wi l l  be

exceeded during the surmer months, under the previously stated assumptions. Using July as a

base month, addit ion of 657,000 gallons of water would reduce the HTO concentration to

0.36 uCi/mL . in the pond. This would ensure that MPC. in the pond environs for this month would

not be exceeded.

S .3 .2  Case  2 - -Da i lY  Rea l i s

Daily temperatures in the suruner months may be expected to r ise to 90'F with a relative humidity

of 90 percent. Assuming this to be a reali : ; t ic extreme leads to a possible concentrat ' ion in the

pond envi rons c f  !4 .4 x  10-5 uCi /ml ,  or  near ly  three t imes MPC. on s i te .  In  th is  case '  the

activity of the poncled water would have to be about 0.17 uCi/ml so as not to exceed MPC6. This

would be accompl ished wi th  the add ' i t ion of  some 3 "  106 gal lons to  d i lu te the water  in  the worst

case.
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Figure S.3. Density of 100% Saturated Water Vapor versus Temperature.
Source: C.J. Wiesner, "Hydrometeoro' logy," chapman and
l la l l ,  L td. ,  London,  1970.

Tab le  S .3 .  Dens i ty  o f  100% Satura ted  Water  Vapor ,
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Month

d            RH

(mL/g x 10-6)      (%)
HTO Ai rb

( u C i / m L  "  1 0 - 6 )

Jan

Feb

Mar

Apr

May

」un

3ul

Aug

Sep

Oct

Nov

Dec

5 。9

6 . 0

3 . 0

10.8

1 4 . 0

1 7 . 0

2 0。3

18.0

1 5 . 5

1 2 . 0

8 , 3

6 . 3

67

67

65

60

63

67

68

72

71

67

67

66

2 . 0

2.0

2.6

3 , 2

4 . 4

5.7C

6.9C

6.5C

5.5C

4 . 0

2 . 8

2 . 1

aAssure HTO water  consi lant  a t  0 .50 uCi /mL.
bmpc-  i s  5  "  l o -6  uc i / rn l .
^ d'Exceeds MPC. wi thout  d i lu t ' ion of  pond water .
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Figure S.4. Monthly HTO Concentt"at ' ions above the Pond as Calcu la ted  Us ing  Mode l  Two.
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APPENDIX T.  THE BEHAVIOR OF SORBABLE RAD10NUCLIDES IN THE

SUSQUEHANNA RIVER AND CHESAPEAKE BAY

T.1. BEHAVIoR 0F RADI0NUCLI0ES IN SUSQUEHANNA RIVER

Radionuclides entering the Susquehanna River at TMI wil l  move in the downstream direction with
the r iver  f low.  Some radionucl ides wi l l  remain in  the d issolved state,  whi le  others wi l l  become
concentrated in suspended and bottom sediments and aquatic organisms. Trit ium discharged to the
river wil l  be in the form of tr i t iated water (HTO as compared to normal water, H20). The chemical
and physical behavior of tr i t iated water is basical ly that of ordinary water with regard to
mobi l i ty ,  in teract ion wi th  suspended par t ic les,  and genera l  d i lu t ion.

By contrast,  the isotopes Cs-134 and Cs-137 have an appreciable tendency to be adsorbed onto

suspended sediments and to concentrate in aquat ic organisms. The isotopes Sr-89 and Sr-90 have a

smal ler tendency to be adsorbed onto sediments and wi l l  exist  pr imari ly in the dissolved state.

The fa te  o f  sorbab le  rad ionuc l ides  such as  ces ium in t roduced in to  the  Susquehanna R iver  w i l l

depend on a nurnber of physical  and chemical factors. At steady state, the radioirr"c ' l ides wi l l  be
part i t ioned between the suspended sediment and the water according to the relat ionship:

106E -r w  -

where:

106 + Kd csed (Tl)

Fu,  i s  the  f rac t ion  o f  the  rad ionuc l ide  remain jng  d ' i sso lved in  the  water ,

KO is the distr ibut ion coeff ient between sediment and water,  ml lg,  and

Cr" . i  i s  the  concent ra t ion  o f  suspended sed jment ,  ng /L .

No d i rec t  measurements  s f  KO were  ava i lab le  fo r  Susquehanna R iver  sed iments ,  bu t  es t imates  can be

made based on measurements in other East Coast r ivers and on the minerology of the Susquehanna

River  bas in .  One o f  the  most  use fu l  s tud ies  o f  rad ionue l ides  in  r i vers  was the  C l inch  R ' i ver

Stud .y ,1  in  wh ich  the  migra t ion  o f  low- leve l  rad ioac t ive  waste  seepage was ex tens ive ly  measured in

a  compl jca ted  r i ver  bas in  w i th  mu l t ip le  dams.  I t  was  found tha t  the  sorp t ive  proper t ies  o f  the

sed iment  were  la rge ly  dominated  by  the  c lay  f rac t ion ,  and tha t  i11 i te ,  a  mjcaceous c ' lay  minera l

account ing  fo r  about  60  percent  o f  the  c lay  in  the  C l ineh R iver ,  had the  grea tes t  a f f in i t y  fo r

ces ium.  An inventory  o f  an  approx ' imate ly  21-mi le  reach o f  the  CI inch  R iver ,  f rom the  po in t  o f

release to the backwater area at Watts Bar Dam, indicated that about 21 percent of the cesium

T'1
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released over a 20-year period remained in the bottom sediments,  Only about O.2 percent of the

released strontium remained on sediments, however, which demonstrates that strontium interaction

wSth sediment is not strongo  Measurements of Kd in the clay deposits along of the Clinch River

ranged up to about 88,000 mL/g for cesfum in a study by Carrigan et a].,2 but Other investigators

have obtained much lower values in sediments of the Clinch Rlver.  Jenne and Wahlberg3 repOrt

sedinents of a tributary of the clinch Rギ ver  ヽshowed a cesium Kd of between 650 and 1000 mL/g.

Schell et al.4 repOrted an average v31ue Of 1355 mL/g.

Extensive studies on the behavior of redionuclides in the Hudson River estuary indicate that up

to 90 percent of the cesfum near the lndian Po有 nt Nuclear Plant was in the form of suspended

sediment durlng freshwater conditions.  Measurements of ceslum Kd of the Suspended sediment

indicate values of up to 3 ×  105 mL/g.  Once again, 11lite is the domi1lant clay mineral of the

Hudson Rivere  Simpson et al.5 eStimate that about 20 percent of the radiocesium entering the

Hudson River accumulates in the bottom sediments (a]thOugh a portion of that is removed by main―

tenance dredging).

Eaton et al.6 state that illite i3 0ne Of the dominant clay minera15 0f the Coastal Plain, and by

l nference, of the Susquehanna Rivert  Movlng sediments ln the Susquehanna River are estimated to

be 10 percent sand, 50 percent silt, and 40 percent clay.7

Suspended sediment loads in the Susquehanna River range from 5 to 1500 mg/と .  Typical sediment

loads downstream of Conowingo dam are 10 to 30 mg/L, with no obvious correlation to river flowrate

for flows below 100,000 cfs,7  sinCe it is estimated that, in years with no ma30r f10ods, half to

two‐thirds of the sediment passing Harrisburg is trapped in the river above Conowingo Dam, average

sediment loads near the TMI plant probably are in the range of 20 to 100 mg/L.

Equation (Tl) has been evaluated in Figure T.l for the range of Kd and sediment load values

discussed above.  It is clear that the fraction of sorbable radlonuclides associated with sodi―

ments can vary over a wide range.  An estimate of the lmportance of sediment to the transport of

cestum in the river and bay wi]l be discussed later.

Of the sorbed radionuc]ides attached to the sediment, part will be trapped behind the downstroam

dams and the rest will be transported into the Chesapeake Bay.  The portion that becomes trapped

behind the dams wi1l depend on the flowrate of the river.  As prevキ ously noted, in years where

there are no major floods, between hご lf and two― third3 0f the sediment transported past Harrisburg

does nct pass Conowingo Dam, which is the last dam before the bay.7  The phenomenon of sediment

trapping by dams is a result of the reduced velocity and turbulance in the reservoirs behind the

dams, which allows the particles to settle out of suspension.  The phenomenon increases in effec―

tiveness as the particle size increases.  Most of the sorbed radioactivity wil]be 3SSOCiated

with the very fine clay fractlon of the susF)ended sediment.  It is llkely, therefore, that the

sediment passing the dミ ms wi]l become enric卜 led in the clay fraction which carries most of the

sorbed radioactivlty.
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F19ure T.1.  Fraction of Radionucllde Remaining in Dissolved State.

f

Most  sed iment  t ranspor t  occurs  ep isod ica l l y  dur ing  f lood  events .  Dur ing  normal  years ,50  to

60 percent  o f  the  sed iment  tha t  does  d ischarge a t  Conowingo Dam passes  dur ing  the  spr ing  f reshetx

when f lows are high due to snow melt .  Between 1966 and 1976, the discharge of sediment from the

S u s q u e h a n n a  R i v e r  w a s  a b o u t  5 0  m i l l i o n  m e t r i c  t o n s .  0 f  t h i s  a m o u n t ,  a b o u t  3 0  m i l l j o n  m e t r i c  t o n s

was due to  Hur r icane Agnes in  June 1972,  and 10  mi l l ion  met r ic  tons  was due to  Hur r icane E lo ise

in  September  1975.  I t  i s  es t jmated  tha t  the  Agnes f lood  had a  recumence jn te rva l  o f  g rea ter

than 1000 years ,  and the  E lo ise  f lood  had an  es t imated  recur rence in te rva l  o f  about  50  years .8

For  f lows grea ter  than 400,000 cub ic  fee t  per  second,  sed iments  tha t  have depos i ted  beh jnd  the

dams are  apparent ly  e roded and t ranspor ted  in to  the  nor thern  Chesapeake Bay.  A  f lood  o f  th is

magn i tude wou ld  have a  recur rence in te rva l  o f  about  s ' i x  years .T  Contam' ina ted  sed iments  there fore

*A ' , f reshet "  i s  a  suc lden r i se  in  the  leve l  o f  a  s t ream caused by  heavy  ra ins  o r  the  rap id
m e l t i n g  o f  s n o w  o r  i c e .
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would col lect to a certain degree behind the Susquehanna dams. but would not reside there indef i-

ni tely since they would be f lushed into the Chesapeake Bay during major f loods. Al though sed' i -

ments contaminated with radioact iv i ty would be resuspended during such f loods, they.would simu' l -

taneously be dj luted by the 
' large quant i ty of f lowing water.

T.2 BEHAVIOR OF RADIONUCLIDES IN CHESAPEAKE BAY

Radionuc l ides  d ischarged to  the  Susquehanna R iver  a t  Three Mi le  Is land w j l l  be  car r ied  in  the

downstream direct ion toward the Chesapeake Bay. The Chesapeake Bay (Figure T.2) is an estuary in

which fresh water from the r ivers and salt  water from the ocean m' ix.  Sal ini ty var ies from prac-

t ical ly zero at the mouths of the r ivers up to about 35 parts per thousand in the open ocean.

Substances that enter Chesapeake Bay most ly or ent i rely in the dissolved form eventual ly wi l l  be

transported to the sea from the combined effects of advect ion by fresh water and dispers' ion

caused by  the  as t ronomica l  t ides  and w ind  wave ac t iv i t y .  The " f lush ing  t ' ime" ,  V /q ,  based on  the

known volume of the bay, V, and the average f lowrates of the r ivers, g,  is about one year.  The

f lush ing  t ime is  ind jca t ive  o f  the  ra te  a t  wh ich  a  d isso lved po l lu tan t  wou ld  be  purged f rom the

bay; however,  because of sediments, nonideal mixing, and entrapment in the compl icated backwater

areas ,  smal l  t races  o f  rad ioac t ive  contaminat ion  probab ly  wou ld ' l inger  fo r  severa l  years . *

The bu lk  o f  the  sed iments  pass ing  in to  the  Chesapeake Bay,  p robab ly  more  than 75  percent ,  w i l l  be

depos i ted  in  the  upper  bay  in  the  reE ion  known as  the  " tu rb id i ty  max ' imum".e  Eaton  e t  a l .6  suggest

that some Susquehanna River-deriveci  sedjment would be deposited as far as the mouth of the Potomac

River .  D i rec t  measurements  o f  rad ionuc l ides  re leased f rom the  Peach Bot tom Nuc lear  P lan t  in

Conowingo Pond suggest that sediment deposit ion of cesium is at the maximum at the mouth of the

Susquehanna River,  has decreased by two orders of magnitude by the Sassafras River,  and is unde-

tectable beyond. lo The measurements may not have included the periods of major sedinrent transport

dur ing  f loods ,  however ,  wh ich  wou ld  bo th  d i lu te  and d isperse  contaminated  sed iment  fu r ther  in to

the bay to levels probably too low to detect.

0 f  the  subs tances  tha t  a re  s ign i f i can t ly  adsorbed by  sed iment ,  ces ium is  the  most  rad io log ica l l y

impor tan t  because o f  i t s  long  ha l f - l i fe ,  h igh  dose and b ioaccumula t ion  fac to rs ,  and abundance in

nuc lear  waste .  Ces ium behaves  as  a  monova len t  ca t ion  and pr imar i l y  undergoes  ion  exchange w i th

sed iments .  There  is  s t rong ev idence f rom o ther  es tuar ies  tha t  ces ium is  a t  leas t  par t ia l ' l y

desorbed from contaminated sediments in the presence of sal t  water because of tha "common ion

ef fec t "  and w i l l  reenter  the  water  co lumn.  Ces ium-134 and Cs-137 contaminat ion  on  bo t tom sed ' i -

ments  near  the  Ind ian  Po in t  Nuc lear  P lan t  on  the  Hudson R iver  es tuary  d isappeared a t  a  ra te

cor respond ing  to  a  ha l f - l i fe  o f  about  one y r :a r .11  The major  mechan ism ident i f ied  fo r  the  d isap-

pearance o f  ces ium appears  to  be  leach ing  bry  sa l t  water  in t rud ing  up  the  es tuary  dur ' !ng  per iods

*There  is  no  expec ta t ion  tha t  rad ionuc l ides  re leased f rom the  TMI  c leanup wou ld  be  de tec tab le  in
the  water ,  f i sh ,  o r  sed iment  beyond the  s i t .e  v ic in i ty .  Background leve ls  o f  nuc lear  fa l lou t ,
p rev ious  normal  re leases  f rom TMI  Un i ts  1  a rnd  2 ,  and re leases  f rom the  Peach Bot tom Nuc lear
P lan t  wou ld  obscure  the  very  smal l  re leases ;  to  be  expec ted  f rom TMI .
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of  low f low.  S imi la r lv ,  Pa te l  e t  a I .12  observed tha t  the  apparent  loss  o f  Cs-137 in  Bombay
Harbor  was cons is ten t  w i th  an  equ iva len t  ha l f - l i fe  o f  about  two years .  A  cer ta in  por t ion  o f

ces ium tha t  has  been sorbed on to  sed iment  p robab ly  w i l l  no t  be  desorbed in  the  sa l t  water .  Some

of  the  ces ium wi l l  become prac t ica l l y  i r revers ib ly  sorbed in to  the  c rys ta l  
' l a t t i ce  

o f  cer ta in

c l a y  m i n e r a l s ,  s u c h  a s  i l l i t e ,  i n  f r e s h  w a t e r  a n d  w i l l  n o t  d e s o r b  t o  a  g r e a t  e x t e n t  i n  t h e  s a l t

water.  r3

Ces ium in  d isso lved fo rm has  a  much smal le r  tendency  to  be  sorbed by  sed iment  once in  sa l t  water .13

There fore ,  ces ium enter ing  the  brack ish  por t ion  o f  the  Chesapeake Bay in  a  d isso ' l ved  s ta te  w i l l
l a rge ly  remain  d isso lved.

The rad ionuc l ides  Sr -89  and Sr -90  wou ' ld  have l j t t le  tendency  to  be  adsorbed by  suspended sed iments
either in the freshwater or sal twater regions of the Susquehanna River and Chesapeake Bay and

there fore  wou ld  be  t ranspor ted  predominant ly  jn  the  d isso lved phase.

T.3 ESTIMATES OF EXTENT OF CESIUM INTERACTION I.JITH SEDIMENT IN SUSQUEHANNA RIVER AND

CHESAPEAKE BAY

Measurements  by  the  Sta te  o f  Mary land, ro  ind ica te  tha t  the  h ighes t  sed iment  concent ra t ions  o f
Cs-134 re leased f rom the  Peach Bot tom Nuc lear  P lan t  were  160 pCi /kg  in  Conowingo Pond and
6a0 pCi /kg  a t  the  mouth  o f  the  r i ver .  A  very  approx imate  and conserva t ive  es t imate  o f  the  f rac-
t ion  o f  Cs-134 tha t  has  become assoc ia ted  w i th  r i ver  sed iments  can be  made by  assuming tha t  o f
the  sed iment  d ischarge in  the  Susquehanna R iver  pass ing  Har r isburg  dur ing  non- f lood years ,  about
har f  fa l l s  above Conowingo Pond and is  contaminated  to  a  leve l  o f  160 pCi rkg .  The remajnder  i s
as : . . .med to  se t t le  in  the  upper  por t ion  o f  Chesapeake Bay and is  contaminated  to  a  leve l  o f
640 pCi lkg .  I t  i s  es t imated  tha t  be tween the  years  1966 ar rc i  1974,  ihe  annua l  average sed iment
l o a d  p a s s i n g  H a r r i s b u r g  d u r i n g  y e a r s  w i t h  n o  m a j o r  f l o o d s  w a s  a b o u t  1 . 9  m i ' l l i o n  m e t r i c  t o n s . 7
Under  the  above assumpt ions ,  about  0 .19  C i  o f  Cs-134 wou ld  be  assoc ia ted  w j th  the  sed iment .  I f
i t  i s  conserva t ive ly  assumed tha t  a l l  o f  the  Cs-134 on  the  sed iment  came f rom the  1 .62  C i  re leased
at  Peach Bot tom dur ing  the  second quar te r  o f  1979,  then less  than 12  percent  o f  the  Cs-134 wou ld
be assoc ' ia ted  w i th  sed iment ,  and the  remainder  must  have been car r ied  away in  the  d isso lved
phase.  The above ca lcu la t ion  is  conserva t ive  because (1 )  the  concent ra t jons  o f  Cs-134 on  sed i -
ments  used were  the  h ighes t  po in t  va lues  repor ted  fo r  Conowjngo Pond and the  Chesapeake Bay and
(2)  the  leve ls  p robab ly  re f lec t  p rev ious  inputs  o f  Cs-134 f rom the  Peach Bot tom and the  Three
M i l e  I s l a n d  P l a n t s .

T .4  CONCLUSIONS

S o m e  o f  t h e  r a d i o n u c l i d e s ,  p a r t i c u ' l a r ' l y  c e s j u m ,  r e l e a s e d  f r o m  t h e  c l e a n u p  o p e r a t i o n s  a t  T M I  w i l l

become assoc ia ted  by  the  process  o f  sorp t ion  w i th  suspended r i ver  sed iments .  Contaminated  sed j -
ments  may accumula te  to  an  ex ten t  in  the  reservo i rs  beh ind  York  Haven,  Safe  Harbor ,  Ho l twood,  and
C o n o w i n g o  D a m s ,  b u t  t h e s e  s e d i m e n t s  w i l l  b e  l a r g e ) y  f l u s h e d  d u r i n g  m a j o r  f l o o d s .  M u c h  o f  t h e
remain ing  sed iment  w i l l  be  car r ied  downst ; ream and se t t le  p r imar i l y  in  the  upper  Chesapeake Bay.



T-7

A port ion of the cesium associated with the sediment wi l l  desorb in the presence of sal t  water

and wi l l  reenter the water column. Measurements of the concentrat ions of Cs-134 on sediments of

Conowingo Pond and the upper Chesapeake Bay indicated that probably less than 12 percent of the

raCiocesium released from TMI wi l l  ever become assocated with sediment.  The relat ive' importance

of sediments to the radioeco' logy of the Susquehanna River and Chesapeake Bay therefore wi l l  be

mi  nor .
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APPENDIX U. DEC0MIII ISSIONING 0F Tl l I -2

0ecommissioning is def ined as the preparat ion of a faci l i ty for ret j rement from act ive service
and p lacement  o f  the  fac i l i t y  in  such a  cond i t ion  tha t  fu tu re  r i sk  f rom the  fac i l ' i t y  to  pub l i c
safety is within acceptable bounds. The achievement of this rather broad g;ai ,  v ia three pos-
sible al ternat ives, is the subject of  thjs appendix.  Included are a review of appropriate tech-
nology, est imations of the radiat ion dose to workers and to the pub' l ic,  other potent ial  envjron-
menti l  impacts, and est imations of the costs that would result  f rom the decommissioning of Tl4I-2.

f ' luch of the information presented here is based on earl ier conceptual studies of decommissioning
large l ight-water nuclear power reactors which had operated rout inely throughout a normal oPgla!-
ing-1i fei ime,1-3 adapted as appropriate to f i t  the atypical  post-accident circumstances at Tl4I-2.
Cost est imates are made in terms of mid-1980 dol lars,  with no predict ions made of future interest
or  in f la t ion  ra tes .

U.1. POSTULATED FACILITY STATUS FOR DECOMMISSIONING

Under normal circumstances, decommissioning fol lows the orderly shutdown of a faci l i ty at  the end
of  i t s  p lanned opera t ing  1 i fe .  The s ' i tua t ion  a t  TMI -2  i s  s ign i f i can t ' l y  d i f fe ren t  f rom normal ,
w i th  the  conta inment  bu i ld jng  and t , re  auXi l ia ry  and fue l  hand l ing  bu i ld ' ing  severe ly  contaminated ,
and much of the fuel  core damaged. A major cleanup effort  is current ly underway. Thjs cleanup
effor ' t  is the pr incipal subject of  the programmatic environmental  impact statement (PEIS) as
related to decontaminat ion and disposal of  radioact ive wastes result ing from the March 28, 7979
acc ident  a t  TMI -2 ,  o f  wh ich  th is  decomnr iss ion ing  ana lys is  i s  a  sma11 par t .  As  d iscussed in
S e c t i o n  2 . 2 . 7 ,  t h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n i t i a l  c l e a n u p  a c t i v i t j e s  ( i n i t i a l
decontaminat ion ,  reac tor  de fue l ing ,  and RCS decontaminat ion)  whet ,her  i t  i s  p lanned to  decommiss ion
or  to  res ta r t  the  fac i l i t y .  Thus ,  the  cur ren t  p lanned c leanup e f fo r ts  a re  camied to  the  po in t
where  e i ther  work  to  res to re  the  p lan t  to  serv ice  cou ld  beg in  o r  decommiss ion ing  cou ld  beg in .
Th is  i s  i l l us t ra ted  by  the  s imp l i f ied  dec is ion-po in t  d iagram shown in  F igure  U.1 .  In  te rms o f
the  schedu le  shown in  F igure  1 .4 ,  ac t i ve  decommjss ion ing  e f fo r ts  wou ld  beg in  a t  the  conc lus ion
of  the  fue l  debr is  d isso ' lu t ion  and the  chemica l  decontaminat ion  o f  the  reac tor  coo lan t  sys tem and
associated systems. As a pract ical  matter,  the earl ' ier c leanup efforts contr jbute to the total
decommiss ion ing  e f fo r t ,  bu t  fo r  conven ience in  th is  ana ' l ys is ,  decommiss ' ion ing  is  necessar i l y
t rea ted  separa te ly  f rom the  in i t ia l  c leanup.  To  ob ta in  es t imates  o f  the  to ta l  impact ,  the  impacts
f rom the  in i t ia l  c leanup shou ld  be  added to  the  impacts  f rom decommiss ion ing .

The irradiated fuel  elements and debris are assumed to be stored in the spent fuel  pool in the
aux i l ia ry  and fue l  hanc l l ing  bu i ld ing  (AFHB)  a t  the  s ta r t  o f  decomm' iss ion ing .  Sh ipment  o f  the
i r rad ia ted  fue l  to  an  away- f rom-reac tor  fue l  s to rage fac i l i t y  (AFR) ,  reprocess ing  p1ant ,  o r  some
other  d isposa l  fac i l i t y  i s  assumed to  beg in  when decommiss ion ing  beg ' ins  and to  cont inue un t i l  a l l
i r r "ad ia ted  fue l  has  been removed f rom TMI-2 .  However ,  lack  o f  a  su i tab le  fac i l i t y  to  rece ive  the
fue l  may resu l t  in  i t s  re ten t ion  in  the  spent  fue l  poo l  in  the  AFHB fo r  an  ex tended per iod  o f
t jme,  in  e f fec t  conver t ing  tha t  po t ' t ion  o f  TMI -2  jn to  an  AFR.

For  the  decommiss jon ing  ana lyses ,  i t  i s  pos tu la ted  tha t  the  washdcwn o f  the  conta inment  bu i ld ' ing
and the  ins ta l la t ion  o f  temporary  sh ie ld ing  has  resu l ted  in  genera l -a rea  rad ia t ion  dose ra tes  on
the  opera t ing  f loor  (347- f t  leve l )  in  the  5-10  mR/hr  range,  and on  the  lower  leve ls  o f  the  conta in -
ment  bu i ld ing  in  the  30  mR/hr  range.  Bu i ' ld ing  sur faces  are  assumed to  have smearab le  contami -
na t ion  leve l i  in  the  3000-4000 dpm per  100 cm2 range,  exc lus ive  o f  ho t  spo ts .

U.2  GENERIC DECOMMISSIONING CONSIDERATIONS

Regard less  o f  the  a ' l te rna t ive  chosen fo r  t ,he  decommiss ion jng  o f  TMI -2 ,  there  are  cer ia in  gener ic
cons idera t ions  invo lved.  These gener ic  de ,commiss ion ' ing  cons idera t ions  jnc lude:

.  S ta f f  o rgan iza t ion ,

.  P lann ing  and prepara t ion ,

U-1
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.  Equipment requirements,

.  Decommissioning methods, and

.  Add i t iona l  req l i rements - (e .g . ,  qua l i t y  assurance and env i ronmenta l  surve i l lanca) .

In addit ion, cost est imates for the decommissioning albrnat ives are developed based-on unit  cost
factors common to al l  three decommissioning al terni t i . rgs. This sect ion prcLides a discussion of
these considerat ions.

U.2 .1  Decommiss ion ing  Sta f f  Qrgan iza t ion

A decommissioning organizat ion is created within the ut i l i ty at  the start  of  planning and prepa-
rat ion. A cadre of experienced personnel already exists within onsite post-accident recovery
teams.  S ta f f ing  nequ i rements  a re  ident i f ied ,  and c r i t i ca l  pos i t ions  are  f i l l ed  w i th  key  eng ineer -
ing and operat i ig personne' l  f rom these units.  Addit ional t raining needs are ident j f ied and the
pe isonne l  a re  t ra ined as  requ i red  to  fu l f i l l  the i r  ro les  in  the  organ iza t ion .

The pr imary decommissioning act iv i t ies are postulated to be performqd o! a two-shif t ,  S-day-week
bas i i .  Ho lever ,  se lec ted  -uppor t  ac t i v i t ies  ( i .e . ,  sys tem decontaminat ion  and dra in ing ,  i ' adwaste
system operat ion) and securi ty funct ions are carr ied out on three shif ts,  around-the-c1ock'  7 days
pLr week. In aOdit ion, the ml in control  room is manned ful l  t ime for operat ion of essent ial
systems and services.

Deta i led  knowledge o f  and fami l ia r i t y  w i th  the  fac i l i t y  be ing  decommiss ioned increases  the
effect iveness of the decommissioning staff .  This js part icular ly true for 

' l -MI-2 
because of the

spec ia l  c i rcumstances  invo lved.  Consequent ly ,  fo r  TMI -2  decommiss ion ing ,  pos i t ions  are  assumed
tb  Oe f i l l ed ,  whenever  poss ib le ,  w i th  personne l  invo lved in  the  c leanup opera t ions  to  p rov ide
cont inu i ty ,  iap i ta ' l i ze  on  exper ience ga ined dur ing  c leanup,  and min imize  t ra in ing  requ i rements .
Any  add i t iona l ' t ra in ing  requ i red  to  per fo rm decommiss ion ing  tasks  wou ' ld  be  prov ided,  w i th  spec ia ' l
emphasis given to the use of new and unique equipmerrt  and procedures.

Special ty contractors and consultants are postulated to be hjred as needed to ass' ist  in areas
o i r ts ide  i t re  t i censee 's  exper t i se  o r  capab i t i t y .  The needs fo r  such spec ia l t ies  a re  ident j f jed
during the planning and preparat ion phase preceding the actual decommissionjng, and contractual
agreei lents are coni luded as early as possible to ensure the uninterrupted complet jon of the
dlcommissionjng project.  The special ty contractors ant ic ipated to be required for the decomm'is-
s ion ing  a l te rna t ives  cons idered are  shown in  Tab le  U.1 .

U.2 .2  P lann ing  and Prepara t ion

In  p lann ing  and prepar ing  fo r  decommiss jon ing ,  da ta  must  be  ga thered and ana lyzed,  de ta i led  work
p lans  and f rocedures  must  be  deve loped,  and ' regu la to ry  requ i rements  must  be  sa t is f ied .  These
cons idera t ions  are  d iscussed in  the  fo l low ing  sec t ions '

Tab le  U.1 .  Spec ia ' l t y  Cont rac tors  fo r  Decommiss ion ing

Decommi  ss ion i  ng  A l  te rna t jvea
Speci a1 ty
Contractor Funct i  on DECON SAFSTOR ENTOMB

E x p l o s i v e  s p e c i a l -
i  s ts

Hau' l  i  ng contrac-
tors

Temporary radwaste
h a n d l i n g  &  s o l i d f -
f i ca t ion  suppor t "

B r e a k i n g  u p  b i o l o g i c a l  s h i e l d

Transport  of  packaged radioact ive
mater ia ls  to  d isposa l  s i te

Radwaste  hand l ing  and f ina l
c leanup a f te r  inp lan t  radwaste
systems are deconLaminated and
deact i  vated

aX deno tes  con t rac to r  app l i cab ' l e  t o  decommiss ion ing  a l t e rna t i ve .
bAssumed  to  be  ava i l ab le  ons j t e  because  o f , c l eanup  ope ra t i ons  p reced ing  decommiss ion ing .
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V.2 .2 .1  Data  Gather ing  and Ana lys is

A large body of data is gathered and qnalyzed during the planning and preparat ion phase for
decomt iss ion tng .  These la ta ,he lp  fu l f i l l  the  regu ' l i to ry  requ i rements  d iscussed in
Sect ion  U.2 .2 .5 ,  par t i cu la r ly  the  inventory  o f  r id ioac t ive  mater ia ls  and the  var ious  sa fe ty
ana lyses .  ln  a iO i t ion ,  they-prov ide  the  b lses  fo r  p lann ing  decommiss ion ing  tasks  and se lec t ing
appropriate methods and equipment.

Included in this act iv i ty is a comprehensive survey of radiat ion dose rates and contaminat ion
leve ' l s  w i th in  the  fac i ' l i i y .  Th is  Lurvey ,  taken a f ie r  chemica l  decontaminat ion  o f  the  RCS,  p rov ides
information for determini i rg addit iona' l  iecontaminat ion and temporary shieldjng requ' i rements. I t
also provides data on radi i t ion dose rates l ikely to be encountered during the var ious decommis-
s ion ing  tasks"

U.2 .2 .2  Deve ' lopment  o f  Deta i ' led  t lonk  P lans  and Procedures

Detai led work plans-aqd^procedures are developed based on jnformation gathered during data,gather-
ing and resultant ar laty3bs and provided to thb NRC with the l jcense amendment/decommjssroning
order request.  These detaj led plans and procedures contain al l  the information required to
actual ly camy out the decommissioning tasks. They address the fol lowing i tems:

.  Decommiss ion ing  methods ,

.  Scheduies and sequences of events,

.  Radioact ive waste management,

.  Contaminat ion  cont ro l ,

.  Rad io log ica l  and indus t r ia l  sa fe ty ,  and

. Equipment requirements.

Qua l i t y  assurance (QA) ,  secur i ty ,  and env i ronmenta l  cons t ra in ts  a re  a lso  cons idered.
plans and procedures cover a1l aspects of the decommissioning project.

U.2 .2 .3  Regu la to ry  Requ i rements

The approved

The ' l i censee must  comply  w i th  the  app l icab le  regu la to ry  requ i rements  and o ther  cons t ra in ts  as
d iscussed in  Sec t ion  1 .6 .  The cur ren t  s ta tus  o f  such requ i rements  shou ld  be  rev iewed pr io r  to
the start  of  actual decommissioning operat ions. The major requirement is ant ic ipated to be the
necessary documentat ion (simi lar to that discussed in Appendix R) for any addit ' iona' l  amendments
to  the  f l c i l i t y  nuc lear  l i cense to  p repare  fo r  the  cont inu ing  care  per iod .

In  reques t ing  amendments ,  t l te  l i censee must  p rov ide :

.  A  descr ip t ion  o f  the  cument  fac i l i t y  s ta tus ,

.  A  cur ren t  inventory  o f  the  ons i ' te  rad ioac t ive  mater ia ls ,

.  A  descr ip t ion  o f  the  proposed decommiss ion ing  ac t iv i t ies ,  inc lud ing  sequence,  schedu le ,
and est imates of worker radiat ion exposure,

.  A  descr ip t ion  o f  the  proposed measures  to  min imize  rad ioac t ive  re leases ,

.  Any addit ional changes to the technical  specif icat ions, and'

.  Saiety analyses of both the proposed act iv i t ies and the specif icat ion changes.

Th is  in fo rmat ion  becomes the  decommiss jon ing  p lan .

In  add i t ion  to  the  a fo rement ioned documenl ;a t ion ,  the  l i censee must  submj t  an  env i ronmenta l  repor t
as  we l l  as  secur i ty  and sa feguards  p lans .  Updated  in fo rmat ion  concern ing  the  f inanc ia l  qua l i f i -

ca t ion  o f  the  l i censee may a iso  be  requ i red .  The fo l low ing ' in fo rmat ion  wou ld  a lso  be  requ i red :

-  A  c lescr ip t ion  o f  the  u l t imate  fac i l i t y  s ta tus ,

.  A  descr ip t ion  o f  fu tu re  decomm' iss ion1ng ac t iv ' i t ies ,  i f  any  ( inc lud ing  rad ioac t jve  mater ia l
d . i sposa l 'and s i te  decontaminat ion)  a r rd  the  assoc ja ted  env i ronmenta l  and sa fe ty  p recaut ions ,

.  Sa fe ty  and env i ronmenta l  impact  ana lyses  o f  fu tu re  decommiss jon ing  ac t iv i t ies ,  i f  any '  and
any resu l tan t  re leases ,  and

.  Safe ty  and env ' i ronmenLa l  impact  ana1 l /ses  o f  the  p lan t  in  j t s  u l t imate  s ta tus 'ｒ
卜・―
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U.2.3  Equipment Requtrenents
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′ out the decommlsstoning tasks.

The requtrements in each of these categories are described below

U.2.3。l  Essential Systems and Services
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w,th the SustiftCatlon for retalnlng each.

Table u.2.  Essent ia l  systems and Serv ices for  Decommiss ioning

System or Service Justi fication

El ectri ca'l Power

HVAC Systems

Water Supply (service anC
domestic systems)

Fire Protect ion System

Compressed Air  Systems
(cont ro l  and serv ice)

Communjcat ions SYstems

Radiat ion Monitor ing SYstems

Radwaste SYstems

Spent  Fue l  Coo l ing  and C leanuP
System

Closed Cool ing Water SYstems

Chemical Feed SYstem

Fuel 0i l  System

Securi ty Systems

0pera t ion  o f  e lec t r i ca l  equ ipment ,  inc ' lud ing  HVAC'
1  igh t ing ,  and rad ia t ion  mon i to r ing

Vent i la t ion  and l "ad ioac t ive  contaminat ion  conf inement

Decontaminat ion ,  c leanup,  f i re  p ro tec t ion ,  and po tab ' le
water

Health and safety

Operat ion of pneumatic contro' ls and tools;  personne' l
f resh  a i r  supp ly

Fac i l i ta te  and coord ina te  decommiss ion ing  ac t iv j 'L ies

Personnel safetY considerat ions

Treatment  o f  rao ioac t jve  l iqu ids  and so l ids

Cleanup and coo l ing  o f  water  in  spent  fue l  s to rage poo l
wh i le  spent  fue l  i s  there ,  and dur ing  de fue l ing  and
reac tor  vesse l / in te rna ls  remova l

Secondary coo' l ing of other systems

Radwaste handl ing and vrater demjneral  izat ' ion

Aux i l ia r l ,  power

Pub l ic  sa fe ty  and p lan t  p ro tec t ion  cons idera t jons .

As  areas  w j th in  the  fac i l . i t y  a re  read ied  fo r  demol i t ion  or  secured fo r  s to rage,  the  essent ia l

,Vr i " r r -unO serv ices  in  the ie  a reas  are  deac t iva ted  and, ' i f  con taminated ,  removed as  requ i red .

C"ont inuous  serv ice  to  the  remajn jng  work  a reas  is  ma in ta ' ined  as  long as  necessary .

For  decommiss ion ing  by  sAFsToR or  ENToMB,  cer ta in  sys tems and serv ices  are  requ i red  dur ing  the

cont inu ing  care  per iod .  These inc lude:
.  E lec t r i ca l  Power ,
.  Rad ia t ion  mon i to r ing  sys tems,  and
. Securi tY sYstems.



U.2.3 .2  Spec ia l  Too ls  and Equ ipment

Any spec ia l  equ ipment  requ i red  to  comple te  the  decommiss ion ing  pro jec t  a t  TMI -2 ' i s  iden t i f ied
Oui inb plannidg ina preparat ion. Designs and specif icat ions i rb piepared for each i tem required.
Wn"n [nL i tem is p"olrrbA, i t  is insp"i ted to vbr i fy that j t  meets specif icat ions and compl ies
with appl icable Qi\  and safety requirements. I t  is then tested to ensure that i t  performs as
requirbh. The tdst ing also ierves to train personnel in the use of the equipment and provide
pert inent data on i ts operat ion.

The requirements for special  tools and equipment needed to decommis: ion T|4I '2 by any o! t fe three

a l te rna t ives  are  shown ' in  Tab le  U.3 ,  togethbr  w i th  the  func t ions  o f  each i tem.  Many o f  the  too ls

and equipment needed for decommissionin! are not part  of  the plantrs normal operat i ,ng-complement.
However, 'as noted in the table, many of the j tems are assumed to be avai lable at TMI-2 as a
result  of  the cleanup operat ions preceding decommissioning.

Tab le  U.3 .  Spec ia l  Too ls  and Equ ipment  fo r  Decommiss ion ing

Item

Number Requlred for:

DECON    SAFSTOR    ENTOMB t ' la jor Functi on

Underwater Mani pu I atora

Underwater Plasma-Arc Torcha

Underwater 0xyacetyl ene
Torcha

Arc Saw

Portable Plasma-Arc Tonch
Portable Oxyacetylene

Torch

G u i l l o t j n e  P i p e  S a w

Power-Operated Reci procati ng
Hacksaw

C l o s e d - C i r c u i t ,  H i g h - .
Resolut ion TV Systems-

Underwater L'ights and
Peri  scopesa

U n d e r w a t e r  T o o l s  ( e . 9 . ,
Impact t 'Jrenches, Bolt
Cut te rs ,  Tongs)a

Submers ib le  Pump wi th
D i s p o s a b l e  F i l t e r a

High-Pressure Waten Jeta

Scaffol  di  ng

Safety Nets

Sh ie ' lded  Veh ic le  w i th
Man ipu la to r  Arms and ,
In te rchangeab le  Too l  s -

４

２

２

２

４

２

Pos i t ion ing  and movement
of underwater cutt ing
devi ces

Sect ion ing  reac tor  vesse l
and in te rna ls ,  s team
genera tors ,  tanks ,  and
c u t t i n g  p i p i n g ,  e q u i p m e n t ,

and structural  members;
we1 di  ng

C u t t i n g  p i p i n g

S e c t i o n i n g  p i p i n g  a n d  e q u i P -
ment

0bservat ion of remote or
underwater operat ' i  ons

I l  l u m j n a t i n g  a n d  o b s e r v i n g
underwater operat ions

Underwater  d i  sassembly ,
handl i  ng, and packagi ng
operaf, i  ons

R a p i d  c l e a n u p  a n d  d r a i n i n g
of pool water

Surface decontam'i  nat i  on

Safe  access  to  he igh ts

Protect personne' l  working
on e leva ted  equ ipment  and
s t ruc tures

For remote operat ions ' i  n
a r e a s  w i t h  h i g h - r a d i a t i o n
dose rates

10

10

2

２

　

２

10

10

2

AR

AR

5

2

AR

AR

1

ARb

AR

２

　

Ｒ

　

Ｒ

Ａ

　

Ａ

２

　

Ｒ

　

Ｒ

Ａ

　

Ａ
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Table u.3. (Continued)

Number Reouired for:

Iten DECON    SAFSTOR    ENTOMB        Ma30r Function

l, lobile Chemical Decontami- 5 5 5 Decontamination of liquid
nation Unit .'-:., and solid radwaste equip-

ment
4 4 4 Decontamination of drain

systems

10"Ton Forkl i f t

Rigging l , later ials (e. g.
Chokers, Grapples,

Power-Operated l4obile l ' lanlift 9 3 9 Safe access to heights,

rO-ron r,rob'e Hydrauric crane 3 0 3 
lir:XlHTflrlffTilTfls .na
equipment

6  1  5  Hand l ing  mater ia is  and load ing
trucks

AR AR AR Handl ing of piping and equip-
ment

Wtt nches)    l i

Concrete Drlll with HEPA-           4         1         4       Drflling holes in ccncrete

Mobtle Chemical MSxing
and HPattng unt,

Flltered Dust Collection

System

Concrete Surface Spaller

Fro中toEnd Loader (Light―

Duty)

世]itとle:;畳
aner (HEPA‐

Paint Sprayera

:Rをi8:lieと
entll atギon

Fi l tered-Exhaust Fan Unit  4 - '  4 Contaminat io, ,  control

Suppl ied-Ain Plast ic Suit  25o 100 250 Personnel respiratory
and body-surface pro-
tect ion from radioact ive
contami nants

Polyurethane Foam Generator 2 2 2 Contamination control
dur ing HVAC work

for bl asti ng or sunface spal 
'l 
i ng

4 I 4 Removal of contaminated
concrete surfaces

3 1 3 Cieanup and packaging
tasks

3  3  3  C l e a n u p t a s k s

10 3 10 Contamination Contro'l

0  4  0  I m m o b i l i z a t i o n o f
contami nati on

aAssumed to be availablo onsite because of cleanup operations preceding decom-
miss ioning.

h"AR - As Required.
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U.2.4 DPconmisqioning l{ethods

The methods and associated equipnent used to accomplish the various activities involved,-in decom-
missioning a nucleir f ici l i ty sirch as TtlI-2 fal l  i-nto four major categories:

. Decontanination,
Equipnent di sassembly,

. Contamination control
Each of these mettroAi is required, in varying degrees, in al l  of the deconmissioning alternatives'
These methods are discussed below.

U.2.4.1 Decontaminat ion

Three basic methods can be used to remove radioactive materials from contaminated surfaces:

t i)-AisJofution of the surface f i lm containing the radionuclides, (2) phirsical cleaning of the
iuiti.e,-aro til phyiical removal of the contiminated structural material. The first two methods
are discussed at io-nt" iength elsewhere in this PEIS (chap_ters ! and 6) and are not considered
funther here. Therefore,-only physical removal of containinated structural material (the third
r"ttroal ii aescriu"o n""". oirrini facility decontamination, removal of both metal and concrete
surfaces may be required. Howevei, the telhniques for metal-surface removal are the same as
itroi"- ior eiruipruni-ai i isr"rury, discussed in the next section. The present discussion is thus
l imited'to concrete removal.

Some concrete in nuclear facilities such as I]4I-2 is contaminated below the surface and cannot be

decontaminated to release levels by physical surface-cleaning alone.. In addit ion, some of the

concrete and struetural steel in t-tre'u-iological shield surroinding thg reactor vessel is act'ivat'ed

as a result of neutron bombardment. In Uo[h instances, the struc[ural materials must be physi-

cal ly renoved and disposed of during decommissioning.

Several cri teria must be considered when selecting a material-removal method for a part icular

locat"ion in the p' lant. The method .rrorun should t inimiz" personnel -radiation exposure and air-

Oorne contamination Aispersion. In addit ion, the size and weight of removed materials must
faci l i tate packaging and shipping for offsite disposa'|.

The major methods available for concrete removal are:
.  B last ing,
. Core boiing and hydraulic spall ing'
. Flame cutt ing, and
. Thernric lance cutting.

of pari icular interest ar6 the btasting techniques for bulk removal of concrete and the spall ing
iechniques for iocalized renoval of coicrete surfaces. Flame cutt ing and thermic lance cutt ing
are both of less int""" i t ,-fr imari ly uecauib.of the copious quantit ies of toxic gases and/or
smoke produced.

Bulk Concrete Removal

A very effective way to remove and segment the activated concrete in the biological -shield is
i i i in' tr i i i ; i ; ; ; : .  6ec"use rhe shieldis interior can be easi ' ly enclosed within venti lat ion-
confinement envelopei,-cuit and airborne contamination can be effectively control led. P' lacement

of blasting mats over'the affected regiol prevents f lying debris_from.penetrating the confinement
"nu"tJp".." Fog rp"ivt-oi water, typi ialtv'ytgg from.1 minute before to about 15 minutes after

uiastihg, netp-seltt t  dust from uti i t ing.- Although blasting sequences. are designed to minimize

airpreslure surges, the venti lat ion enciosures must be designed to withstand those pressure

iu"be, that do o.iu"- similarly, attention must be given to the building_venti lat ion.system to
p""i"nt iunge oamite to f i l ters-, with monii;oring ot [rre systen.to verify i ts.continued integrity.
[ i i"" ur"i t ing, thE-area is insfected and surveyed to vgrify that.a]l  contam'ination is removed
"na-tn"t-ill 6iplosives have detonated. The area may then be.protected (by painting or by heavy

ii"":"" i iJtant bi i i t i i -or canvas) to prevent recontamination during subsequent,blasts. The
proiedure ror ei<piosive decontaminatibn of concrete is described in section F.1.3 of Reference 1

bnd in Section G.1.3 of Reference 3.

Concrete Surface Removal

A number of techniques can be used to remo'ye contaminated concrete surfaces in nuclear faci l i t ies

such as TSIZ. n cdmpiriJon of the major t,echniques is presented in Table U.4.5

:=|
■=11:
1干=
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Table U.4. Comparison of l.lajor Concrete Surface Renovai Techniques

Technique Llmitation

Size  o f
Air  Fi l t rat ion Relat ive

Type of Rubble Produced System Required Removal Speed

Sandblasting

Jack harmer

Pneumatic or
liydraui ic
impactor

Concrete
spal ler
wi th  a i r
d r i l l
to make
hol es

Contamination embedded
in pores not effective-
ly removed

Awkward to use on walls

Limited to large acces-
s i b l e  f a c i i i t i e s

Awkward to use on
irregular surfaces
or in cramped
quarters

Small  part ic les

l.ledium-size pieces and
smal i  par t i c les

i ledium-size pieces and
smai i  part , ic ies

l ledium-size pieces and
smal l  par t i c les

Large

l.ledi um

l{edi um

Smal I

Slow

Medギum Fast

Fast

Medtutt Fast

Sandblastttng, where the surface ,s mechanically eroded away, removes only a 冊有nttmal surface
thSckness and produces large quantitttes of small, cOntamギ鼻事と皇埜 車artttcl es.  Sandbl ast村ng primar1ly
removes paint and a little Of the concrete surface.  It does not effectively remove contamination
froΠ the pores in the、concrete or from expanston joints.6  A large exhaust and alr filtration
systen ts needed wttth this method to control contaminated dust.  This technttque is relatttvely
slow if the contamtnatton penqtrates beyond a ,httn surface layer (see Section 5.2.3.1).

Two surface renoval methods used mOre、eXtensively than the rest are saCk hammers and impactors.Jack hammers, powered by cottpressed alr, arP readily ]と
8:1811岳gttnto l:m8予:月t常e :81忌:品in:者::‖,6

nd ce 1ヽギngs, jack hammers are used prlmar1ly on

::i:!き:8f景景
k‐
林:!li古予, 甘:S岩|:l をiti8‖'p‖:苦: been

lnt that is drlven into the concrete surface
,  A medtum口 size‐aSr filtratヽ on system tts neces―

e surface removal methods.

rttttstocallzed COncrete i古品流己l to depths of 2
St・ (沖e prギnclpal source of dust｀ls the dr1ヽ1い

ing of the hole ギnto whttch the splitting tool ls tnsertel.) A dust shギeld wSth a vacuum at,achment
mttnttmizes the spread of contantnated dust and can be usedi to collect all but the largest piOces
of rubble.  The spaller ts operated by insertiにg the expattding bit ttnto a predrilled hole and
actttvatlng the device hydraultcally, causing the concretetsurrOundギng the bit to be spalled off.

:::|::]:iFr ::rS‖]:13 1:品l↓督it:ltia]3: :‖ll普c:°苫18::i'aalim岳:‖ :: モ景:diを尊t::Sp::| :: 3:‖3と8
together with a correspOndtng set of concrete dr11ls and ttperated as a unlt.  Because the spacing
between and the pattern of the holes are ttmportant paraneters ln ihe effectiveness of this techコ
n→que, arrangement of the concrete dr村1ls and the splltttntt toolS irlto a ftxed―geometry array
would ensure a relatively unifortt removal pattern.  Cottbining these ganged unSts with a vacuum
transfer sy3/tem for rubble removal would result in a fast and dust― free concrete removal method,

one tdeally suヽted to decommissionlng facSlltttes such as TMl。 2. (See Section G.1.3.2 of Refer―

ence 3 for further discusslon of concrete surface removal.)|

U.2.4. ,2  Equipment  Disassembly

Decommissioning of Tl . l I -2 would require the dl isassembly a removal of the varヽ ous contaminated

equipment systems. The equipment must be se,gmented i p ieces  smal l  enough to  fac i l j ta te  e i ther
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onsite entombment or packaging for of fs i te shipment and disposal,  depending on the decommissioning
alternat ive selected

Undervater l,lani pul aton

The undemater sect ioning of the neutron-act ivated reactor vessel and vessel internals requires a
manipulator-. to handle the cutt ing equipment and other underwater tools involved. The equipment
must be opefable under 30 to 50 feet of  water,  in intense radiat ion f ie lds. I t  is assumed that
the exist ing fuel-handl ing br idge crane with i ts fuel-element handl ing boom can be adapted to
this task, as postulated for the removal of  the RPV head and internals and the core examinat ion
and de fue l ing  (Sec t ions  6 .2 ,6 .3  and 5 .4) .  I t  i s  a lso  assumed tha t ,  a f te r  mod i f i ca t ion  fo r  the
cleanup tasks, no signi f icant addit ional modif fcat ion wi l l  be required to meet the needs for
decommi ssi oni ng.

Cuttirrg l,lethods and Equipment

The pr incipal equipment ant ic ipated to be used for cutt ing act ivated and/or contaminated i tems
al,e the oxyacetylene tonch, the plasma-arc torch, and the arc saw. This equipment can be used
either under waten on in air .  In addit ion, l inear-shaped explosive charges may be used in special
cutt ing appl icat ions. The oxyacetylene torch is a relat ively common device and, therefore, is
not discussed here; further information is avai ' lable in Reference 7. The other i tems are described
brief ly below. ( i lore detai led information is presented in Appendix E of Reference 1 and Appendix G
of Reference 3. )

Plasma-arc cutt ing employs an extremely high-temperatune, high-veloci ty,  ionized-gas arc that
me1ts and cont inuously removes metal  in the work piece to produce a high-qual i ty,  saw-l ike cut.
The process can be used to cut any meta1. I f  inert  gases are used, the cutt ing is dependent on
thermal energy alone, but increased cutt ing speeds can be achieved using oxygen-bearing gases
when cutt ing mater ials such as mi ld steel or cast i ron, because the chemical energy result ing
from reaction of the oxygen with the base material is added to the arc heat. The electrical
circui t  is s imi lar to that used for tungsten-arc welding.

The plasma-arc cutt ing process can be used in air  or under water.  I t  is especial ly adaptab' le to
automation and is thus useful  when highly radioact ive mater ial  is to be cut (e.9.,  the pressure
vesse ls  o f  the  E lk  R iver  Reacto i  in  Minnesota  and the  Sod ium Reactor  Exper iment  in  Ca l i fo rn ia ) .a '6
As i t  is not necessary to start  the cut at  the edge of the p' late, the plasma-arc torch is part-
icular ly adaptable to cutt ing holes in large plates and vessels.  I t  is also wel l  adapted to
gouging appl icat ions, including pad washing and scarf ing. However,  because of the short  torch
standoff  distance, plasma-arc cutt ing is not sui table for some appl icat ions, p4rt icu' lar ly in
t ight spaces; air  carbon-arc cutt ing can be used for such work. Plasma-arc cut l t ing is preferred
where  i t  i s  poss ib le .

The arc sah,,  a state-of- the-art  metal-cutt ing device, is current ' ly being developed for contami-
nated-equipment segmentat ion, with ini t ia l  deve' lopment and demonstrat ion work already completed.8
The device uses a charged, .rotat ing blade to provide the cutt ing arc. The blade rotat ion helps
to sweep removed mater ials from the kerf .  Cutt ing can be accomplished remotely,  ei ther in ajr  or
under water,  with automatic posi t ioning and tracking of the saw blade during cutt ing operat ions.
Al l  equipment except the blade is commercial ' ly avai lable, but modif icat ions are necessary.
Blades can be made in any we' |1-equipped machine shop, and can be scaled to match the cutt ing
requirements of the part icular job.

A majon advantage of the arc-saw over ot l rer saws is that i f ,  because of posi t ion change or vibra-
! ion ,  a  por t ion  o f  the  work  p iece  fa11s  aga ins t  o r  p inches  the  b lade,  the  po in t  o f  con tac t  spark -

away because the rrelectr ical  leading edge" of the blade is transferred to the point of
t .  This reduces the potent ial  for binding of the b' lade. Consequent ' ly,  the arc saw can cut

th var ie ty  o f  mater ia ls ,  shapes,  and ' loose components  tha t  wou ld  be  d i f f i cu l t  to  cu t  w i th
- conventici I  saws.

The u6e of f -contained, l inear-shaped explosive charges is an economical and exped' ient method
of reduc i rig 'ti
This method mi

s ize of  equipment  and p ip ing to  a l low fur ther  processing or  packaging for  d isposal .
miz.es personnel radiation exposure and is part icu' lar1y advantageous in areas with

high-radi at ion l \els,  .Linear-shaped ch;rrges have been used extensjvely in the last 15 td 25
years.9,10 ly, such me.thods have been used to segment and remove neutronactivated compo-
nents and contami
convent ional remov

d sys tems ' (e .9 . ,  fue i -poo l  l iners  and p ip ing)  tha t  a re  no t  amenab le  to
t e c h n i q u e s . 6 ' 1 1
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A l inear-shaped charge consists oi  an inverted-V-shaped tubular easino f i l led with an exolosive.
The pninciptL Uetr ina-use of the l inear-shaped charge is that,  as the detonat ion wave col lapses
the invertbd V, the casing material becomes a jet of extremely hot metal particles traveling at
very high veloiity. These particles then tear through the material to be cut. The melting and
subsequent fusing of the ca-sing material with the baie material being cut, together_with the
ragged edges of l t re f in ished ci t ,  can malce electropol ishing of those-edges veiy di f f icul t .12
ThEieforel  in-si tu decontaminat ion (ei ther chenrical  or mechanical)  pr ior to explosive cutt ing is
recormended to minimize unnecessary waste of strategic mater ials.  Clamp-on charges, avai lable
corunercial ly,  el iminate marry problems in placement,  handl ing, and detonat ing. The number of
charges thal can be detonateC at one time is limited only by the blast effect on nearby equip-
ment. Shock-wa.ve and fragment damage can be reduced appreciably by placing blast curtains or
other barriers in the vicinity of the detonation to disrupt. the shock wave and intercept the
fragments.

U.2.4.3 Radioact ive l {aste Packaging and Shipping

The decommissioning of Tt l I -2 by any of the three al ternat ives considered would produce signi f i -
cant quant i t ies of-radioaet ive'wastes requir ing propen packaging and shipping to an authorized
disposal s i te.  These radioact ive ,rrastes nesult ing from decommissioning can be classi f ied as
fol  I  ows:

.  Combust ible or noncombust ible,

. Activated or contaminated, and

. Wet or dry.

The bulk of the decommissioning wastes from TMI-2 would be dry, noncombust ible,  and ei ther act i -
vated or contaminated. They include the act ivated reactor vessel and internals,  the act ivated
and contaminated concrete from the biological  shie' ld,  contaminated concrete from wal ls and f loors,
and contaminated piping and equipment.  The contact radiat ion dose rates from these mater ials
vary from a few mrad/hr to thousands of R/hr. Different types of packaging and shielding are
required, depending on the radiat ion levels involved.

Sect ion I  of  this PEIS describes radioact ive waste packaging and shipping for the Tl ' l I -2 cleanup
operat ions preceding decommissioning. l i lost of  the types of decommissioning wastes are thoroughly
covered in Sect ion 8 and, therefore, they are not discussed further here. The fol lowing dis-
eussion eovers the remaining packaging and shipping requirements for decommissioning. The specif ic
quant i t ies of the vanious waste types produced for the three decommissioning al ternat ives are
given laten, in the sect ions of this appendix that detai l  the a' l ternat ives.

Disposable steel cask l iners ane used for packaging, shipping, and burying the bulk of the act i -
vated mater ials fnom the reactor vessel,  the vessel internals,  and the bio' logical  shjeld.
Special ly constructed steel boxes are used whene sjze and radiat ion exposure considerat ions make
packaging in cask l inens unfeasible. In some cases, lead shielding must be added to the packages
to reduce the surface dose rates of the containers to acceptab)e l imjts.  In other cases, less-
act ivated conponent pleces are used to surround the more-act jvated pieces to provide the required
sh ie ld ing  w i thout  sacr i f , i c ing  par t  o f  the  conta iner  vo lume.

Where external contaminat ion levels al low, certain equipment j tems (e.9.,  heat exchangers and
small  tanks) wi l l  be packageC by capping the piping connect ions with welded metal  covers and
us ing  the  i tems 'ou ter  she l l s  as  the  conta iners .  Larger  i tems,  such as  the  s team genera tors ,  may
be cut into sect ions, af ter which each sect ion is capped and handled as i ts own container.

AII  disposal shipments are aset jmeO to be made by exclusive-use trucks, in accordance with the
rtgulat ions and considerat ions described in Sect ion 9. A formal accident control  and recovery
p lan  is  assumed to  be  deve loped pr io r  to  the  f i rs t  rao ioac t ive  sh ipment  o f  decommiss ion ing  waste .
The p lan  is  to  p rov ide  fo r  rap id  and ord le r ly  u t i l i za t ion  o f  u t i l i t y ,  car r ie r ,  s ta te ,  and mun ic ipa l
emergency personnel,  as wel l  as NRC radiological  assistance teams, as reguired in the event that
any iraniportat ion accident occurs. Pro,cedures for control  of  contamjnat ion, radiat ion exposure,
OoOity injury,  and property damage are included in the recovery p1an. Also included are procedures
for salvage and recovery of the radioact ' ive shipment.

U.2 .4 .4  Contaminat ion  Cont ro l

? i lany  decommiss ion ing  ac t iv i t ies ,  par t i cu la r ly  the  cu t t ing  opera t ions_requ i red  fo r  equ ipment
d isassembly ,  have the  po ten t ia l  fo r  gener ra t ing  s ign i f i can t  amounts  o f  a i rborne  rad ioac t jve
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contamttnation of work ereas, Contattination control Ss required.                                〔

Rad村oactive contamination control can be divided into three basic approaches:             !

:  と8キ]をとli:ig8:1:lnt:mi骨:tilila:;8n S°liC'S'
・  Isolation of contaninated areas,

These approaches are dtscussed below.  (See ApplndiX G of Reference 3 for further information.)

Local Mitttgat:on of Contaminated Sour豊豊s
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sion iand (2)painting of contaminated surfaces to prevent smearing.

〕ncrete removal.6

麟び襴む督 謂   韮
, 1 )

Collectton of Contamination          ・、
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table ventilatlon systems being the most common.

Contaminated matertals can be collected as theb

鶴鮒:ざi爛群麓繰聯馬謡出鮮靴品群騒謂替紺舗練捕啓瑞
exhauster, are descrlbed here.
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Another type of portable filtered ventilation system, a fume exhauster, has an e'lectrostatic
proecipi tator coupled with a roughing f i l ter,  HEPA f i l ter,  air-handl ing motor,  squirre!-cage
blowei, and one,br two free-standing intake ducts. The fume exhauster is used to collect radio-
act ive and nonradioact ive part iculates at the point of  generat ion. This high-volume vent i lat ion
system captures all types of particulate matter with efficiences of greater than 97X for the
electrostat ic uni t  and at least 99.95X for the HEPA f i l ten. The advantages of this unit  are i ts
portabi l i ty,  abi l i ty to handle large volumes of part iculate- laden ain, and generat ion of relat ively
smal l  amounts of sol id wastes (HEPA f i l ters).  Bui ldup of radioact ive mater ials on the precip-
i tator and f i l ters is monitored as described above. The electrostat ic precipi tator is f lushed
and the filters are changed when either the dose rate from collected radioactive particles or the
differential pressure across the HEPA filter reaches a predetermined level.

Isolat ion of Contaminated Areas

One method of controll月 ng contamtnatギ on is the use of barrters to :solate contanギ nated areas from

those wttth lesser or no contamttnatギ on.  Isolaじ 肯on ls an ttmportant tool durヽ ng continuギ ng care as

well as during active ideconlmlssioning.

One type of barrter commonly used in the nuclear industry to isolate ccntamtnated areas ヽ s a
・・
greenhous● .M  A greenhouse ts cc■ structed by coverttng a framework, usually steel scaffolding or

f村re‐reslstant woOd frame, wSth ftre―resistant plastic sheeting and seallng al1 50村nts.  Over―
lapptng flaps of plasttc are generally used for the door.  The greenhouse Ss connected etther to

i,・dl:忌ligVin:千131:°3a:苦岳帝eln°thと°gie:R‖:8:と,5Sy:ien t° prevent outward leakage of contamヽnation
reenhouses can be semi― permanent, portable

struc‐tures that can be moved from one location to another as needed, but are more often temporary

confinement etructures that are dismantled and dttscarded after each job.  In many cases, construc―
t肯on of a をOmplete greenhouse Ss unnecessary.  A simple plastic curtain partitioning off one

section of a room may be all that ts requtred to isolate a contamttnated area,  The type and
degreを of isolation requttred depends on the equtpment or structures ttnvolved, the associated
leyel and mixture of radloactive contamttnatギ on, and the decommisslonlng operattton being performed.

Prtor to the contttnuing care perlod for SAFSTOR or ENTOMB, poァ t有ons of the facヽ 11ty containing

signifギcant amounts of rad→ 。active conta限:nation that are ,ot removed during active decommis―

sうoning must be tsolated fron the rem2:nder of the fact,:ty.  Potential っ 白thways for the mlgration

of contaminatton from these areas are blocked by the 'nstallatギ on of physical barriers.  Besides

acting as contamination control barriers, the barrters are des:gned to discourage unauthorized

personnel entry Snto contaminated areas, so structurally substantial barrters are used.  Piping,
ventilation ductwork, equipment penetratSons, and じ oors and hatches are sealed as necessary.

Pressureaequalギ zation lギnes are then installed between the fsolated interior spaces and the

outside envttronment to prevent pressure differentttals (due tO temperature or atmospheric pressure

changes) frOm developing.  The l肯 nes are equttpped wttth replaceable HEPA f1lters to prevent contami。

natlon from being entraSned ttn the alr flow out of the buヽ l dt rlgs.

U.2.5  Additional Reqwギ rements

Most decommttsstonttng requ rヽements relate d肯 rectly to the removal or stabilization of onsite

radttonucl idesc  However, there are additlonal requttrements that serve to ensure the timely,

effect,ve, and safe completlon of the work.  The ma30r addltional requiremQnts, whヽch are
discussed here, are quality aSSurance and environmental surve11lance.

U.2.5.l  Quallty Assurance

A complex project such as the TMI-2 decommissioning requtres QA planning from the earliest stagesc
As each deta lヽed decomn`issloning procedure ls developed, the QA portions are includedo  Current
regulatlons and guttdes that could apply to decommissう oning are discussed in Section F.4 of

Reference l and Chapter 5 of Reference 3.

U.2.5。2  Environmental Surveヽ 1lance

Envtronmental survelllance is of concern durlng tht, decommissioning of any nuciear facヽ lity and

particularly during the decommisstoning of a facillty such as TMI-2 where the decommissioning
process may be complicated by unusual and u!lforeseen difficulties.  The following objectives are
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relevent to the environmental  survei l lance for the decommissioning project:

: ,  '  Detect ion of sudden changes and evaluat ion of long-term trends of (radionuct ide) concen-
. .  ,  t rat ions in the environment,  with the intent of  d6tect ing fai lure io adequately control
,1, . ,  releases snd then to ini t ia ie appropriate act ions;

'  Assessment of the actual or potent ial  exposure of people to radioact ive mater ials or radiat ion
pnesent in their  environment,  or est imation of the'pnbbable upper l imits of such exposure;

' '  Determinat ion of the fate of contaminants releaset l  to the environment,  with the intent of
detect ing previously unconsidered nechanisms of exposure; and

'  Demonstrat ion of compl iance with appl icable regulat ions and legal requirements concerning
releases to the environment.

The required levels of environmental  survei l lance for act ive decommissioning (the period of
decommission!ng-act iv i ty immediately fol lowing the TMI-2 plant c leanup) wouid di f fbr f rom those
for the continuing care period (required for irAFsroR and Eitrcg4B).

The environmental-survei ' l lance program for the act ive phase of TMI-2 decommissioning' is expected
to be a cont inuat ion of the program for the preceding cleanup period. This program-is detei led
in Appendix l ' l  and_summarized in Ch.pter 11 of this statement.  

'The 
program i 's suOject to change

based on review of the results obtained and any requests for addit ionai monitor ing. I t  is ani ic i-
pated that the level of  ef fort  required wi l1 be reduced as the contaminated mater ials are removed
from the si te and the associated potent ial  for radioact ive release is reduced.

An abbreviated version of the envir"onmental  monitor ing program for act ive decommissioning would
be caff ied out dur ing cont inuing care. Special  survei l ianie requirements would be incluied for
emergency  s i tua t ions  invo ' l v ing  rad ionuc l ide  re leases  (e .g . ,  f i re  o r  ma l ic ious  ac ts )  tha t  wou ' ld
require prompt emergency act. ions to minimize publ ic r isk.  Changes in background radiat ion levels,
in  env i ronmenta l  rad ia t ion  accumula t ions  (e .g . ,  fa l lou t  f rom nu i lear  weapons tes t ing) ,  and
espec ia l l y  in  land usage and popu la t ion  d is t r ibu t ion  may,  over  a  per iod  o f  years ,  lus i i f y  mod i f i -
cat ions to the cont inuing care survei l lance program. The program'is ant ic i lated-t6 Oe r lv iewed
and revised as appropriate at the fol lowing t imes:

'  After al l  fuel  and source mater ial  have been removed from the plant,

.  Approximate' ly 10 years after decor:missioning is. .completed, and

'  After 10 half- l ives of Co-60 decay (approximate' ly 53 years),  economic advantages of further
decommissioning effort  are ascertained by the oy{ner,  and environmental  monitoi ing eonceivab' ly
could be ret luced or even e' l  iminated.

As experience is gained and a data base is developed, modif icat ions to the environmental  program
can be expected.

U . 2 . 6  U n i t  C o s t s

The decommissioning cost information developed in this statement is based on unit  cost data
presented in Appendix I  of  Reference 1 and Appendix M of Reference 3. The cost data presented in
the references are based on late-1977/early-L978 costs.  For general  cost i tems (e.g.,  1abor,
mater ials,  and equipment),  the base data have been adjusted by a factor of 1.17 to iccounf for
escalat ion to current (mid-198Q) costs,  based on the Handy-l{hi tman Indexls and the Chernical  . ,
Eng ineer ing  P lan t  Cos t  Index .16  Transpor ta t ion  cos ts  fo r  sh ipp ing  rad ioac t ive  wastes  to  a  d i iposa l
s i te  a re  inc reased on  a  per -mi le  bas is  in  i l ccordance w i th  esca la t ion  in  the  pub l ished ra tes  o f -a . ,
carr ier I icensed to transport  radioact ive mater ials. lT 0ther adjustments are made as required to". .
ad jus t  fo r -d i f fe rences  in  assumpt ions  be twr ren  th is  s ta tement  and the  re fe rence s tud ies  (e .g . ,  the  " i
s h i p p i n g d i s t a n c e t o a l o w . . | e v e l w a s t e d i s p o s a l s i t e i s a s s u m e d t o b e a b o u t 2 3 0 0 m i l e s i n [ h i s � � � �
statement as opposed to 500 miles in the reference studies).  

, ; , '
U .2 .7  Ac t iva ted  F la te r ia l  s  Invento  ' "

The quant i t ies  o f  rad ionuc l ides  present  in  the  ac t iva ted  mater ia ls  a t  TMI -2  a re  es t imated  by
interpolat!o!  gf  the curves of radionucl ide growth versus effect ' ive ful l -powen years (EFPY) g' iven
in  F igure  C.1-4  o f  Reference 1  a t  t ,he  po in '1 . ' f  0 .26  EFPY ( the  accumula ted  exposure  on  TMI-Z) .
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of act iv i ty relat ive to the act iv i ty after 30 EFPY are given in-nadionucl ide" 
pr"t"nt in the act iv i ted reacton vessel intennals,

rpei i f t "  act iv i t ies and est imated surface dose rates. The values
the most highty act ivated region of the vessel internals,  at  the core

Table U.5. Estimated Specif ic Activit ies and Surface Doses
from Reactor Vessel Internais of Tt'lI-2

Radi onucl i de

Fraction of
Activlty, Relatlvゃ

to 30 EFPY   ‐

Inferred

'pe〔:f,品g'Ctギ
Vi tyEstimated SurfaceDose Rate

(Rad/hr)

Co‐6/J

F●レ'55

Nl‐59

Nb-94

0.032

0.05

0.008

0.008

30,400

65,000

6

0.04

16,000

0レ005

0.0007

0.016

In general, the levels of induced radioactivity in the structural materials of TMI-2 are in the
""ni. i"or ' f  io SX of the values that would bjpresent after 30 EFPY. Since Co-60 is the dominant
ridioactive species-produced, i ts fractional prbduction factor in Tl ' l I-2 (0.032) can be applied
*i i t  r iniral bryor tb ttre vaiues presented in'Appendix C of Reference 1 to obtain reasonable
estimates of the quanti i ies of acLivated materi i is present in TMI-2 at the t ime of the accident.
Based on the qu"ndii i"r of radioactivity given in Taote c.1-4 of Reference 1, the total activity
in the reactor vessel internal componenis-in TMI-2 at the t ime of the accident is estimated to be

ia.d i - , . ' ig ; -Ci  i -O.Ogel ,  o"  i .54 x '10s Ci .  In  the reactor  pressure vessel ,  the to ta l .act iv i ty  is
i i i imatea to-be t r . iz - i ' ro4 c i  x  0 .032) ,  or  Gl1 c i .  In  the concrete b io log ica l  sh ie ld ,  the to ta l
act iv i ty  is  est imated to  be (2000 Ci  x  0.032) ,  or  64 Ci .

U.2.8 Contaminated Mater ia ls

The principal radionuclides present on extel^nal surfaces in TMI-2 are Cs-137 and Sn-90. The
radii t ion t ietas from radionuclides deposited on the interior surfaces of the RCS and associated
pip ing inA equipment  may a lso be dominated by Cs-137, .a1though s ign ' i f icant  quant i t ies of .Co-50
i r !  p iooaoty 'prbsent  at io .  S ince Cs-137 is  ine pr ing ipal . rad ionucl ide.contr ibut ing to  the radi -
i t ioh f ieldi ir i t fr in the plant, the decrease in radiation dose rates with t ime wil l  be control led
Iarge ' ly  by the hal f - l i fe  of  Cs '137 (*30 years) .  i

This condit ion is diffenent from the reference decommissioning studiesl-3 where Co-50 is the
dominant  rad ionucl ide,  contro l led by i ts  5 .7-yr  ha l f - l i fe ,  and extensive sur face contaminat ion is
; ; I ;  major  problem. Thus,  deferr i -ng decommi is ion ing act ion at  TMI is  less ef fect jve in  reducing
radiatioi doie than would be the cas6 at the reference reactot^s. The longer half- l j fe of Cs-137
aiso lengthens the t ime that an entombment structure wou1d have to retain i ts integrity, more
than 300-years, unti l  the contamination has decayed to unrestr icted release levels.

U.3 IMMEDIATE DISMANTLEI"IENT (DECON}

DECoN is  the removal  f rom the s i te  of  a ]1 matpr ia ls  hav ing radioact iv i ly  levels .greater  than
oermitted for unrestr icted use of the propert!.  Thus, a' l l  radioactively conta,ninated equipment,
i ; ; t i ; ,-purpi ano piping; the reactor vhssel alrd internals; and activated and contaminated concrete
must  l ie ' re inoved,  p" [ i660,  and sh ipped to an huthor ized radioact ive waste d isposal ,s j te .  Rad' i -
" i ion-rurueys of  tne u6contaminated ' fac i l ! ty_ lqnd s i te  must  show Lhat  res idual  levels  of  rad io-
i i t , iu i tV do-not  ex ieed.  those g iven in  l l 'ab le-1 bf  Regulatory-Gujde 1.86,  which appears as Table 1.1
i;- i i , i i"r"fort, in or. ' t ier for fhe nuclear l icense to be terminatecl. As a result,  large expendi-
tures of  pbrsonnel  r .ad iat ion exposure, .d ispos.a ' l .s i te .space,  and money are made jn  exchange for
the fa i r ly  prompt  re lease of  the fac i f i ty  and the s ' i te  for  o ther  uses.
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Figure U.2.  Duration Of DECON Activitギ es.

U . 3 . 1 . 1  C o n t a i n m e n t  B u i I d i n g

The postulated sequence and schedule for mir jor tasks for t l isassembly and decontamjnat ion of the
conta inment  bu i ld ing  is  shown in  F igure  U. ,3 ,  together  w i th 'pgs tu la ted  c rew s izes  and es t imated
exposure hours. The associated worker radiat ion doses are given in Sect ion U.3.4.
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Disassembly begins wit l r  the removal and packaging of the containment air  coolers ( i f  not pre-
viously removed),  the fuel  storage racks, the-containment spray system, and the core f looding
tanks, thus freeing most of the 305-ft level for use as a pieklging and storage area for packaged
materials pending shipment offs i te.  The fuel t ransfer canal is-noi avai lable for segmenti t ion
and temporary storage of the activated portions of the reactor vessel internals and for temporary
storage of act ivated segments of the reactor pressure vessel whi le the vessel is being sect ioned.

'Removal of  the decontaminated structures is not required to terminate the nuclear ' l icense and
thus is not considered in this analysis.  The disposit ion of the released structures is at the
owner 's  op t ion .

The est inates of direct labor hours, waste volumes, and costs are derived largely by comparison
with the results of previous conceptual decommissioning studies, l '3 adjusted ior- the sizbs and
masses of equipment,  Ievels of contaminat ion or act ivat ion in the mater ials,  distance to the
disposal s i te,  and escalat ions in costs from the t ime of the reference studies to mid-1980.

I t  is assumed that the reactor vessel head, the upper plenum assembly, and the core support
structure are successful ly nemoved intact dur ing defuel ing and cleanup and are rein:tal led for
the chemical decontaminat ion of the reactor coolant,  system, in which the RCS pumps are used for
recirculat ion of the decontaminat ion solut ion and f inal  f lushing. The head i i  removed and sect-
ioned for packaging. The upper plenum assembly and the core sufport structupes are nemoveC and
sect ioned and stored temporari ly undel water in the fuel  t ransfer canal.  The water level in the
canal is lowered to about the 322-f t  level to remove the seal plate and the minror insulat ion
surrounding the vessel.  The water level in the vessel is lcuered to just below the planned leve' l
for cutt ing. The vesse' l  is cut into segments that are temp-rrer i ly stored in the fue' l  t ransfer
canal pr ior to packaging. As the reactor vessel is drained anr;  cut,  the remainder of the RCS is
drained for sect ioning. Removal and packaging of the pressurizer and piping is fol lowecl by
sect ioning and removal of  the RCS pumps and piping. Sect ioning of the steam generators and
removal of  the steam export  l ines and valves is fol lowed by removal and packaging of the letdown
coolens, the steam generator" hot-drain cooler,  the leakage coolers, the reactor drain tank, the
oi l -shielded drain tanks, the incore instrumentat ion dr ives, and assorted pumps and equipment on
t,he 282-f t  level.

Removal of  some of these i tems wi l l  require removal of  sect ions of the shield wal ls surrounding
them. The lower sect ions of the vert ical  tendons are most 1ike1y contaminated and wi l l  have t6
be removed for disposal.  Those port ions of the concrete biological  shield in the vic ini ty of t i re
fuel core that have been activated by neutron bombardment are removed and packaged. The iefueling
bridge crane, the fuel  t ransfer equipment,  and the l iner of the fuel  t ransfer canal are removed 

-

and packaged. The outer 2 to 3 inches of concrete js removed from concrete surfaces that were
subjected to standing contamir.r ted water,  pr incipal ly the concrete f loor of the 282-t t  level ar id
the f i rst  9-10 feet of  wal l  surfaces r is ing from the 282-t t  level a; .d the surfaces of the tendon
gal lery.  Other concrete surfaces are pemoved as dictated by radiat ion survey data. The polar
crarre is ei ther decontaminated to release levels or is dismantled and packaged. Removal and
packaging of the remaining vent i lat ion equipment precedes the radiat ion survey to determine the
releasabi ' l i ty of  the containment bui lding. Any areas found to have radioact iv i ty 1eve1s excee-
d ing  those leve ls  se t  fo r  re lease are  c leaned or  removed.  A t  th is  po in t  the  conta inment  bu ' i ld ing
is  ava i lab le  fo r  non-nuc lear  use  or  demol i t ion ,  a t  the  obrner 's  op t ion .

Disassembly, decontaminat ion, and disposal of  the radioact ive mater ials f ' "om the containment
bui lding are est imated to require about 226,000 direct labor hours, includ' ing 110,000 hours of
work in radiat ion zones. Transport  workers and workers at the waste disposal s i te are not
included in these est imates.

U . 3 . 1 . 2  A u x i l i a r y  a n d  F u e l  H a n d l i n g  B u i l d i n g

Uith the reactor core stored in the spent fuel  poo1, the f i rst  act iv i ty to get underway in the
AFHB is  the  sh ipnent  o f  the  spent  fue l  to  a  s to rage f rc i l i t y ,  a  reprocess ing  p lan t ,  o r .a  d isposa l
fac i l i t y  o f fs i te .  Assuming an  IF-300 cask  (capac i ty ' l  e lements )  i s  used,  w j th  an  18-day  round-
t r ip  cyc le ,26  round t r ips  by  ra i l  w i l l  be  requ i reC to  remove the  177 fue ' l  e lements ,  o r  about
16  months  e lapsed t ine .  Ava i lab i l i t y  o f  another  spent  fue ' l  sh ipp ing  cask  o f  s im i la r  capac i ty
would reduce the fuel  shipment period to about 8 months. Addit ional shipments may be required to
Femove packaged fuel debris.
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The waste handl ing and treatment system wi l l  remain in service unt i l  a l l  other radioact ive f lu id
handling systems are removed. The outer 2 to 3 inches of concrete is removed from concrete
surfaces that were subjected to contaminated water spills. Removal and packaging of the building
ventilation equipment is the final action preceding the radiation survey to deterrnine tha releas-
abi l i ty of  the AFH bui lding. Any areas found to have radioact iv i ty levels exceeding those levels
set fon release are cleaned or renoved. At this point the AFH bui ' ld ing is avai lable for non-

-.nuclear use or demol i t ion, at  the otyner 's opt ion. Disassembly, decontaminat ion, and disposal of
the-radioact ive mater ials from the AFH bui lding is est imated to require about 252,800 direct
laboi'-hoqrs, including about 138,800 hours of work in radiation zones. Transport workers and
workers at ' the waste disposal s i te are not included in these est imates.

U. 3. 1. 3 Other Bui ldings 
\'.

Other buildings associatel iintn THI-Z that contain quantities of radioactivity are the control
and service bui lding, the containment service bui lding, and the l iquid radwaste processing bui ld-
ing  ( i f  bu i l t ) .  I t  i s  pos tu la ted  th i t  the  chemica l  c lean ing  bu i id ing  (EPICOR- I I ) ,  EPICOR- I ,  the
nadioachemistny hot lab, the resin sol idi f lcat ion and mid-high level radwaste staging faci l i ty
( i f  bui l t ) ,  and the sol id radwaste staging modi les wi l l  remain onsite and be servicable for use
with Tl.lI-1

CoJrtrol  and Senvice Bui lding

Radioact ively contarninated equipment in this bui lding is l imited to the contaminated drain system
and the isol l t ion valve tanks and pumps on the 280-fa level,  the monitor ing and soi led laundry
areas on the 305-f t  leve1, and the decontaminat ion f i l ter assembly on the 351-f t  level:  Since
al l  systems and services are control led from this bui lding, i t  wi l l  be the last to be decontami-
nated. i

t

Containment Sery' ice Buildinq
,

This structurげ ts bastcally an extenslon of the containment bu1ldSng, enclosing the equttpment

hatch and ding a staging area for shipping packaged mater ial  f rom the containment bui lding.
I t  is postul that decontamination efforts in this building are l imited to surface cleaning,
since most of the materials ane already packaged before removai from containment.

理 te P

ThSs s ture does not present ly exist  and i ts contents can only be postulated. Likely systems
radwaste evaporator and a l iquid waste sol idi f icat ion system. Removal of  these systems
unti l  decontaminat ion of the containment and AFt '  bui ldings is complete.

i ncl ude

ldギ

ts del

of Other au肯 ld村

Di,4assembly, decontaminat ion, and disposa' l  of  radioact ive mater ials from the other bui ldings are
t imated to require about 22,000 direct labor hours, including about 18,000 hours in radiat ion

zones.

IJ.3.2  Waste Volumes from DECON

The volumes of activated or contaminated material postu'lated to be packaged for disposal during
DEC0H of Tl t l l -Z are est imated by comparing sizes and masses of the TmI-2 mater ials with simi lar
mater ials analyzed in a previous study. l ' : r  Using the methods described in Reference 2, scal ing
factors are constructed based on the ratio of the mass of the TMI-2 component to the mass of the
reference component.  These mass rat ios, or scal ing factors, are appl ied to the volumes and costs
est imated in Reference 1 to obtair i  est imalLes for TMI-2. t lhere mass rat ios could not be readi ly
constructed, an overal l  scal ing factor based on energy output,  as derived in Reference 2, is
employed (0.84). The resultant waste volumes are summarized in Table U.5.

The volume of contaminated concrete is por; tulated to be 20% greater than given in ReferenceTl,
reflecting the Iarge areas of TMI-2 that ryere subjected to standing contaminated water forz extendedref lectrng the large areas oT l lq l-Z tnat leere suDJecf,ed f ,o stano]ng conlamlnated water ToY/exten
per iods  o f  t ime.  The o ther  va lues  genera l l y  re f lec t  the  phys ica l  s ize  or  con f igura t jon . 'o f  TMI -2
compared with the Reference plant.
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Tabla U.5. Estimated Volumes of Radioactive t{aste
Arising from DEC0N of Tl.lI-2

Components Scal ing Factor
Estimated Burttal

Volume (ft3)
Truck

Shipnents

Reactor vessel /head
and internals

RCS pumps, piping and
pressuri zer

Steam generators

Activated concrete

Contaminated concrete

Contaminated equipment

l,li scel laneous radwastes

Totals

0.94

0.83

0.83

1 . 0

1 . 2

0.84

1 , 0

15,600

9,100

17,700

25,000

455,000

127,000

22,000

671,000

22

26

49

889

34

180

1,356

156

av"lu",  rounded to three signi f icant f igures.

U.3.3 Eff luents and Releases to the Environment

The atmospheric release of radionucl ides is assumed to be the only source of radiat ion to the
publ ic from rout ine decorxnissioning operat ions. Al l  

' l iquid 
radioact ive wastes generated during

decommissioning operat ions are assumed to be sent to the plant ' l iquid waste storage system or to
other tanks designated for temporany storage of these solutions. The wastes are then assumed to
be processed through the waste concentrat ion and sol idi f icat ion system, and the decontaminated
water released to the environment.  Al l  systems designed to control  the release of hazardous
mater ial  to the environment or to nonqo-ntaminated port ions of the faci l i ty are assumed to be in
operat ion during the decontamina?iodlct iv i t ies and subsequent waste processing.

The pr imary sources of radioact ive eff luents from rout ine decommissioning operat ions are the
release of contaminated l iquid aerosols during decontaminat ion, the release of contaminated
vaporized metal  dur ing equipment remova'! ,  and the release of contaminated concrete dust dur ing
decontamination or removal of concrete structures.

An analysis of the genenat ion of airborne radioact iv i ty dur ing DEC0N operat ions at a ' large Pl, lR is
given in Appendix J of Reference 1, with the results of that analysis summarized in Table U.7.
The values given in Table U.7 have been adjusted downward from those developed in Reference 1 to
ref lect the smal ler amount of act ivated corrosion product deposited on piping inter iors '(*  4 per-
cent of the amount postulated in Reference 1),  the smal ler amount of act ivat ion in the concrete
bioshie' ld (r  5 percent of the amount postulated in Reference 1),  and adjusted upward to ref lect
the assumption of a less effect ive HEPA f i l ter system than was postulated in Reference 1. The
releases postulatet l  here do not include releases from poss' ible accidents involving transport  of
spent reactor fueT from thc si te to a disposal faci l i ty.

From Reference 1, the composit ions of the reference radionuc' l jde inventor ies considered in the
ana lys is  a re  p regented  in  Tab les  U.8 ,  .9 ,  .10 ,  and .11 .
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Table じ.7.  Postulated Releases 6f Atrborne
Rこd→oactttvttty to the Envttronmlnt

Durlng DECON Operations

DECON
OpeFatiOn

Reference Ai t"borne
Radionucl ide Releases

Inventory (pCi )

Segmenting contami nated
equipment 4 6

Activated concrete removal 3 0.2

Contaminated concrete
removal 5 0. 00]6

Water- jet  c leaning 5 9.8

Table U.8. Reference Radionucl ide Inventoty 2, Carbon Steel
Act ivat ion Products -  Lower Vessel

Fractional Radう oactivSty Normallzed to Reactor Shutdown at necay Times of:

Radionucllde       S;・ ばtdoWn         10 Vears         30 Vears         50 Vears         100 Years

Mn-54             5.3 X 10-2       1.6 X 10-5           _a               _                _

Fe-55             8.2 X 10-1       6.3 X 10‐
2       3.7 X 10。 4       2.l X 10-6           _

Fe口59             3.l X 10-2           _                ―
                ―                 r

Co-58             7.5 X 10。
3           _                ―                 ―                 ―

Co口60             8.5 X 10-2       2.3 X 10-2       1.6 X 38-3       1.2 X 10-4       1.6 ×  10-7

Nl-59             3,6 X 10-5       3.6 X 10-5       3.6 X 10。
S       3.6 X 10-5       3.6 X 10-5

Nギ
‐63             4.3 X 10-3       4.G X 10-'       335 X 10-3       3.O X 10-3       2.ユ

 X 10-3

Mo‐93              1.5 X J_0'6       ュ.5 X 10-6       1.5 X 10-6       1.5 X 10-6       1.5 X 10-6

Totals            l.0            9.O X 10-2       5.5 X 10。
3       3.2 X 10-3       2.l X 10-3

an dash indtcates values less than l X 310-■ °.

二lA==とt車tどil二ttチ=ど■it.‐i_に■よね :≧ども
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Table U.,.  Refereli;。
l]:i:nttilili。31と:tt8‖¥e子と

aCOnCrete ActSvat村
on

Radionucllde Shutdown

Fractional Radioactivitv l{ormalized to Reactor Shutdown at Decay Tines oJf:-

30 Years 50 Years 100 Years10 Years

Ar。39

Ca。4■

Ca。45

Mn-54

Fe-55

Co‐60

N:‐59

Nl‐63

Total

1.14 X 10。 3

2.01 X 10。 4

■.05 X 10‐ 1

4,83 X 10-3

8.65 X 10‐ ■

1.92 X ■ 0-2

3.42 X 10-5

4.02 X ■ 0-3

1 . 0

1.1l X 10-a

2.01 X 10。 4

2.30 X 10‐ 3

■.05 X 10‐ 6

6.64 X 10‐ 2

5.15 X 10-3

3.42 X 10-5

3.75 X 10-3

7.70 X 10。 2

■.05 X 10。3

2,01 X 10‐ 4

b

3.91 X 10‐ 4

3.71 X 10。 4

3.42 X 10-5

3.27 X 10-3

5.32 X 10。 3

1.00 X 10。 3

2.01 X 10。 4

2.30 X 10-6

2.67 X 10-5

3.42 X 10-5

2.84 X 10-3

4.10 X 10-3

8,78 X 10コ 4

2.01 X 10-4

3.73 X 10-8

3。42 X 10-5

2.01 X 10-3

3.12 X 10-3

一
　

　

一

aThe rad:onuclldes llsted include only those whose half。1村fe and/or inltギal concentration result

in a signtfttcant contrttbution after one year.s decay and/or one hundred yeares decay.
bA dash tndicates values less than l X 10-10.

Table U.10. Referep,ce Radionucl ide Inventory 4, Neutron-Act ivated Corrosion
Products Deposited on Piping Internal Surfaces

Radギonuclide

Fract ional Radioact iv i tv Normal ized to Reactor Shutdown at Decay Times of:

Shutdown 10 Years 30 Years 50 Years 100 Vears

Cr-51

Mn-54

Fe-59 ‐

Co-58

Co-50

Zr-95

Nb‐95

Ru-103

Cs‐137

Ce-141

Totals

2.4 X 10。 2

3.6 X 10-2

8.2 X 10-3

4.6 X 10。 1

3.2 X 10-1

5.6 X 10。 2

5.6 X 10。 2

2.6 X 10-2

1.2 X 10-3

6.6 X 10-2

1 . 0

a t

l.■ X 10‐5

8.6 X 10'2

9.5 X 10-4

8.7 X l{)-2

6.2 X 10-3

6.O X 10-4

6.8 X 10-3

4.4 X 10-4

3.8 X 10'4

8.2 X 10-4

6.O X 10-7

1.2 X 10。4

1.2 X 10-4

aA dash indicates values less than 1 x 10-.10.

NOTE: The activities are based on actual data from the Turkey Point Reactors extrapolated to
7 years of commercial operation.
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Tabl● U.11l  RefttrenceiRadionuCllde lnVlntory 5, Rad村 oattギve SurfaCe C● ntamination

1              ln the Reference PWR

ギohal Rad→ to Reactor Shutdown at

30 Years    モ      50 Years

Times of:

100 YeansRadionucllde 10 Years

Mnこ54

Fe‐55

Fe-59

Co口58

Co‐60

Sr-89

Sr‐90

Y-90

Zr-95

Nb‐95

Te-129m

I。131

Cs-134

Cs-136

Cs‐137

Totals

０
　

　

一
　

　

一
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２
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4.2 X 10-7

1.7 X 10-3

2.O X 10-2

5.4 X 10-4

5,4 X 10。 4

4.l X 10-3

5.9 X 10。 1

6.2 X 10-1

a

9.9 X 10-6

1.4 文 lo-3

3.4 X 10-4

3.4 X 10-4

4.8 X 10-6

3.ア X 10-1

3.7 X 10。 1

5.7 X 10'3

■.0 × 10-4

2.l X 10-4

2.l X 10口 4

5,4 X 10-9

2.4 X 10。 1

2.4 X 10‐ 1

■.4 X 10'7

6.3 X 10-5

6.3 x 10-5

フ.4 X 10-2

7.4 X 10。 2

aA dash indicates values less than l X 10-10.

U.3.4 Environmental  Impacts

The environmental  impacts associated with bhe decontEminat ion and disassembly of a nuclear power
reactor are contained in three general  categories: (1) the radiat ion dose to the wonkers invo' lve.d
in the disassembly, packaging, and transport  of  the.t 'adioact ive mater ials from the si te to a
disposal faci l i ty;  (2) the radiat ion dose to the pupl ic result ing from re' leases of radioact iv ' i ty
from the si te during decommissioning operat ions andi f rom radiacion emanating from shipments of
radioact ive waste whi le in transi t  on publ ic highwaVs or rai lways; and (3) the commitment of
space in a low-level radioact ive waste burial  gnoudd for the disposal of  the radioact ive mater ials
f iom the plant.  The impacts associated w' i th each of these categories are discussed in the fo1low-
ing  sec t ions .  

:
U.3.4.1 Est imated Occupat ional Radiat ion doses froin DEC0N Act iv i t ies

The radiat ion dose accumulated by the workers performing DECON act iv i t ies is est imated by mult i -
ply ing the average local radiat ion dose r i r te for a $iven task t imes the number of worker exposure
hours est imated for that task, an{ summinl3 over al l  tasks. The average loca' l  dose rates for
genera l  a reas  in  the  conta inment  bu i ld ing  and the  AFH bu i ld ing  are  g iven in  Tab le  U.12 .  A ' l so
given are cumulat ive exposure hours for prersons working in those general  areas (taken from
Figures U.3 and U.4),  the computed cumula[ ive dose to the workers accompll lh lng tasks in those
areas, and the total  radiat ion dose recei 'ued by workers whi le performing DEC0N act iv i t ies. These
radiat ion doses include only the doses re:sul t ing from external exposure and do not include any
potent ial  doses that might resu' l t  f rom.' in lhalat ion or ingest ion of radioact ive mater ial  dur ing the
decommissioning operat ions. 

i

‐
l ilfrr=I「 rifij■1■lt===玉 =fr=I丁 !チ iミ 毛ifモ経 iモ■■i亭為 ミ■京■工斉玉憲察=転 残ほここと章こと::注:

‐十■11!11!工iilす工■=ど=去とこと :と立主主よ窺 こ主主彗 牟とま!



上主i義:|■|11■il  ・  盤 基 垂 込 透 透 出 品 f― t4-
=               ,

十■i=i=‐ |      |
f=1‐         |    !u‐2,

韻轟 齢 難:麒i艦絆鵠コ酬脳
B reactor fuel, based on‐ lnformation developed in

「able U.13.                      i l

Table U.12. Estimated Cumulative Radiation Doses-Reteiv.ed by Workers
During DEC0N Operations

DECON
Operation

Area

Average
Local

Dose Rate
(mrem/hr)

Worker Exposure
Hours in the

Area

Cumul ati  ve
Radiation

Dose
(penson-rem)

347‐ft level    i

305-ft level

282-ft level

AFH Bullding

All levels

Other BuSldings

All levels

Total a

～5

5。10

30

2

2

471600

25,000

37,700

138,800

18,000

240

125

1,130

278

35

1,810

aTotal rounded to three signif icant f igures.

Tab le  U.13 .  Es t imated Cumula t ive  Rad ia t ion  Doses  Rece ived
by Transport t' lorkers [)uring DEC0N 0perations

['lorker
Type

Dose/Shipment
(mrr:m/dri ver)

Number of
Shi pments

Cumul at, i  ve
Radiat ion Oose
(person- rem)

Truck Dr ivers

Train Crew

Total

56

120

1,400

26

156.  8a

6 . 2 4

163

aAssumes two drivers/ 'Lruck, two brakemen/train.
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U.3.4.2 Offsi te Doses from DECON Act iv i t ies

The dose.estimates presented here for DECOI{ activities are based on the source terms of Table U'7

and on the assumFtibn that decormissioning activities take place 10 years after the Tl'lI-2 accident'

The calculationai models used to make theie estimates and the interpretation of their results are

described in RppenOii  W. The signi f icance of these doses and their  human health and environmental

consequences are discussed in Seit ion 10.3. The dose est imates to the maximum-exposed individual

are l fsted in Table U.14. The 50-mile total  body populat ion dose received by the human populat ion

during this DECQN operat ion is est imated to be 6 x L0-s person-rems.

The est imated radiat ion dose to the publ ic result ing fron transpcrt  of  radioact ive mater ials
offs i te is presented in Table U.15 for both truck and rai l  t ransport"

Table u.14. Estimated Doses to the Maximum-Exposed Individual
from Normal Decommissioning Activit ies (DEC0N)

Dose (mrem)a

Locati on Pathway TOialoBOdy        BOne Li ver

NP3:景
岳:nb

Nearest
mi lk  goat

Nearest cow
and garden

I nhal at i  on
Ground Shine
Vegetab'le Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
C o w  M i l k  U s e

Total

1.4 X 10-7
7.2 X 10-7
3.2 X 10-6

4.l X 10-6

1,2 × 10。7

6.9 X 10-7
8.4 X 10-6

9。2 X 10-6

1.5 × 10-7

1.l X 10-6
4.6 X 10-6
3.l X 10-6

9.O X 10-6

3と1% 10-7

7.2 X 10‐ 7

1.4 X 10‐ 5

1.5 X 10-5

1.7 X 10-7
6.9 X 10-7
6.5 X 10-5

6.6 X 10-5

2,0 × 10-7

1,O X 10-6
2.O X 10-5
2.4 X 10-5

4.5 X 10-5

2.6 X 10-7

7.2 X 10-7
1.3 X ■ 0'S

l.4 X 10-5

1.7 X 10-7
6.9 X 10-7
7.6 X 10-5

7.7 X 10-5

2.l X 10-7
1,O X 10-6
1.9 X 10-5
2.8 X 10-5

4.8 X 10-5

"Doses were calculated for total-body, Gl- tract,  bone, l ivern kidney,
thyro id ,  lung  and sk in .  The max imum three  organ doses  are  l i s ted  in  th is
ta61e. Dosei were calculated fon four age groups: adult 's,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
l isted. The dose est imates foi  the tota' ! -b,ody pathway are fcr adults.
The dose est imates for the bone and l iver pathways for the nearest garden

and nearest cow and garden' locat ions are for chi ldren, and for the nearest
goat locat ion are for infants.

bThe bas is  fo r  se lec t ing  the  spec ia l  loca t ions  is  descr ibed in  Append ' i x  W.
The actual locat ions aie: Ne'arest garden = 1.05 mi le east-northeast '
nearest mi lk goat = 1.02 mi le '  north, and nearest cow and garden
=  L . 0 5  m i l e  e a s t .



U‐27

Table U.15. Est imated Cumulat ive Radiat ion Dose Received
by the Publ ic During Transport  of  Radio-

active tlastes from DECON

Type of Shipnent Number of Shipments
Dose/Shipment
(penson-rem)

Publ  ic
Radiation Dose
(person-rem)

Radioactive
material (tnuck)

Spent reactor
fue l  ( ra i l )

Total

1,400

26

0.0534

0.0293b

74 .2

0 .75

75

aBased on  da ta  g iven in  Sec t ion  9 .5 .1 .2 .
bBased on data gttven in ll.4.l of Reference l.

U.3.4.3 Other Environmenta' l  Effects

Other impacts on the environment surrounding the Tt ' l I  stat ion result ing from DECON of Unit  2 wi l l
be  s imi la r  to  those d iscussed in  Sec t ion  10 .6 ,  bu t  o f  lesser  magn i tude because there  w i l l  be
fewer wonkers involved in DEC0N and because gross contaminat ion cleanup efforts wi l l  have been
completed before the start  of  decommissioning.

I t  is ant ic ipated that decommissioning of Unit  2 would reduce the level of  anxiety and psycho-
logical  stress among local residents.

Complet ion of decommissioning wi l l  reduce the number of persons employed at the TMI si te,  thus
reducing the local payrol l ,  at  least temporari ly.

U.3.5 Est imated Costs for DECON

The pr incipal cost i tems in DECON are 
' labor ' ,  

waste disposal,  spent fuel  disposal,  and energy.
Other  cos ts  inc lude spec ia l  equ ipment ,  spec ia l ty  cont rac tors ,  l i cens ing  and insurance,  and
miscel laneous suppl ies. The bases for the costs presented here are given in Appendix G and
Sect ion L0 of Reference 1, and are adjusted for escalat ion between early-1978 and mid-1980, as
d iscussed in  Sec t ion  U.2 .5 .  The cos ts  a re  summar ized in  Tab le  U.16 ,  w i th  the  es t imates  o f  the
pr inc ipa l  cos t  i tems deve loped in  the  fo l low ing  sec t ions .

U.3 .5 .1  Decommiss ion ing  Labor  Costs

The basic decommissioning crew is postulated to consist  of  seven members: a crerv leader,  a
ut i l i ty operator,  two laborers, two craftsnren, and a health physics techn' ic ian. The average
salary cost per hour per crew member (developed from data given in Table I .1-1 of Reference 1,
escalated by l7%) is $15.12. From Table 10.1-2 of Reference 1, the rat io of crew labor cost to
to ta l  decommiss ion ing  labor  cos t  i s  2 .24 .  The d j rec t  decommiss ion ing  c rew labor  hours  fo r  the
pr inc ipa l  bu i ld ings  and ac t jv i t ies  a re  g ivern  in  Tab le  U.17 ,  summar ized f rom Sect ion  U.3 .1 .

U.3 .5 .2  Rad ioac t ive  Waste  D isposa l  Cos ts

The rad ioac t ive  mater ia ls  requ i r ing  d isposa l  dur ing  DEC0N o f  TMI -2  cons is t  o f  th ree  main
categories: neutron-act ivated, surface-contaminated, and miscel laneous radwaste such as f i l ters,
ion  exchange res ins ,  so l id i f ied  rad ioac t iver  f lu ids ,  and combust ib le  wastes .  Es t imates  o f  the
cos t  o f  d ispos ing  o f  these mater ia ls  a re  summar ized in  Tab le  U.18 ,  and packag ing  and sh ipp ing
in fo rmat ion  fo r  each type o f  mater ia l  i s  d iscussed br ie f l y  in  the  fo l low ing  sec t ions .
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Table U.16. Summary of Estimated DEC0N Costs

Category
Cost in M:111ons of
Mid-1980 Dollars

Decommissioning labor

Di rect
Support

Radwaste disposal

Spent fuel shipment

Energy
Other costs

Suppl ies

Equipment
Gontractors

Nuclear  insurance

Licensing fees

Subtotal

25% contingency

Totala

7.196

8.923

13.791

2.496

4.620

1.820

0,960

0.640

0,940

0,060

41.446

10.361

51.8

aTot" l  rounded to three signi f icant f igures.

Table U.17.  Estittated Labor Costs for DECON

Labor Costs

Activity
Direct Crew

Hours

i n  t ' ' l i l l i o n s  o f  D o l l a r s

Direct Crew Total

Conta inment  bu i ld ing

AFH bu i ld ing

Other  bu i ld ing

Radwaste processing
and sh ipp ing

Spent fuel  shipping

Total

200,816

135,520

22,176

112,020

5,280

475,812

3.037

2.050

0,335

1.694

0.080

7.196

6.803

4.592

0,750

3,795

0。179

16.119

ぶ基主走韮
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Table u.18,  EstSmated Costs for Dtsposal
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Of Radioact ive from DECON

Chargesa
Total
Cost

Neutron-
activated
steel s

Neutron-
activated
concrete
Contami nated
equipment

Contami nated
concrete

14i scel I aneous
radwastes

Total

156      124,800  280,000

49       92,120

,・32      154,160

889    1,670,850

88,920   32,136    15,600i   248,040     774,696

181,300  ,  ― 25,000    217,500     490,920

303,400   39,850   154,000  1,339,800   1,837,210

3,289,300     。 455,000  3,958,S00   8,918,650

180      151,800  324,000  1,026,000   54,600    22,000    212,872   1,769,272

1,356    2,193,730  604,800  4,888,920  126,586   671,600  5,976,712  13,790,748

"Assumes cask l iner cost of  $800, LSA Box cost of  $470, specia] container cost of  $6000/box.
bArrrr", a rental fee or $300/day and a 6-day cycle for each shipment.
cAssumes a transport cost of $5700/round trip, $3700/one-way.
dAssumed to average $350/cask l iner,  overweight objects @ $87.50 + (0.02/1b >10,000 lb).
eAssumes bur ia l  charges  o f  $8 .70 / t t3 ,  l iner  and cur ie  surcharges  as  g iven in  cur ren t  NECO pr ice ' l i s t .

Neutron-Acti vated l4ateri al

Because of the rathen short  exposure history of the Tl4I-2 reactor vessel and i ts internals,  l .he
levels of neutron-induced radioact iv i ty in structural  components are low compared with the levels
expected to be found in a reactor that has operated for 30-40 years. As a result ,  i t  js ant ic i-
pa ted  tha t  the  ac t iva ted  mater ia ls  cou ld  be  sh ipped in  unsh ie lded cask  l iners  w i th jn  sh ie lded
sh ipp ing  casks .  Based on  the  in fo rmat ion  deve loped in  Sec t ion  U.3 .2 ,  i t  i s  es t imated  tha t  156
single cask shipments of act ivated mater ials wi l l  be required. The neutron-act ivater l  concrete
f rom the  b io log ica l  sh ie ld  w i l l  requ i re  49  t ruck  sh ipments  in  unsh ie lded LSA boxes .

Contaminated Equipment

The contaminated equipment,  pumps, piping,
boxes. From Tab1e U.6, 82 truck shipment,s

Contaminated Concrete

The contaminated concrete removed from bui lding surfaces during physical  decontaminat ion is
packaged in 3555 unshielded LSA boxes and wi l ' l  require 889 truck shipments.

Miscel laneous Radwaste

The f i l te rs ,  ion  exchange res ins ,  so l id i l ' i ed  rad ioac t ive  f lu ids ,  and combust ib le  wastes  resu l t ' i ng
from DEC0N are packaged in a var iety of containers. Based on information presented in Table G.4-6
o f  Reference 1  and on  cask- l iner -cos ts  o1 '$800 each and 55-ga] -d rum cos ts  o f  $20 each,  the  conta iner
cos ts  w i l l  be  $151,800.  Cask  ren ta ls  w i l l  to ta l  $324,000,  and 180 t ruck  sh ipments  w i l l  be  requ i red .

heat  exchangers ,  e i ,c . ,  a re  packaged in  unsh ie lded LSA
wi l l  be  requ i red .
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U.3.5。3  Spent Fuel Dttsposal Costs
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(18 days/trip)十  S33,000/trttp = ,96,000/trip, for a total of S2.5 mヽ 11lon for 26 trギ ps.  No
charges are ttncluded for handlSng and eventual disposal of the fuel at the final destination.

U.3.5。4  Energy Costs

Energy usage durttng decr■ 耐13SiOning is comprised of electrical and fossil energy, in roughly
equal amountg.  The cost of energy is estimated in References l and 3 to be about S3.5 mヽ 11lon in

1978 dollars.  Assuming an escalation factor of 32%, the energy costs are estimated to be

S4.6 million.

U.3.5.5  0ther Costs

Other cost items tnclude miscellaneous supplies, special equipmont, specialty contractors, nuclear
insurance, and licensing fees.  It is a,sumed that the Cost of these items as presented in Refer―
ence l, when escalated by 17%, are appropriate for the TMI-2 analysis.  Based on Table 10.1-l of
Reference l and Table 10.1-l of Reference 3, these items are estimated to be Sl.82, SO.96, SO.64,
事0=94, and SO.06 mlllion, respectively.

U.4  SAFE FOLLOWED BV DEFERRED DECONTAMINAT10N (SAFSTOR)

This sect ion con the details of SAFSTOR for TMI-2.  Information ts included on those activ―

i t ies  requi red to  p
act ive fac i l i ty  in

(preparat ions for safe storage) and maintajn (safe storage) the radio-
condit ion that the r isk to safety is within acceptable bouncis under the

condtttion3 0f the NRC l

leve ' ls  are s t i l ' l  ons i te ,
nse.  S ince mater ia ls  hav ing radioact iv ' i ty  levels  above unrest r je ted
he nuclear l icense remajns in force throughout the SAFST0R period.

SAFST0R is completed by sub t1y  decontaminat ing  the  fac j l i t y  to  leve ls  tha t  permi t  re lease
use (de fer red  decontaminat ion) ,  thus  permi t t ing  te rmina t ion  o fof  the fac i l i ty  for  unrest r i

the nuclear  l icense.  \
\

SAFSTOR sat is f ies the requi rement i l , for  the protect ' ion of  the publ ic  whi le  min imiz ing,  ' in  var jous
degrees, the init ial commitments o\ t ime, money, occupational radiatjon exposure, and regu'lated
wai te  d isposal  s i te  space.  S ince HI-z  js  on a mul t ip le- reactor  s i te ,  SAFST0R is  assumed to
min imize lhe combined' impadts of  prdparat ions,  cont ' in t i ing care,  and deferred decontaminat jon.
This advantage is offset somewhat by the need to mainta' in the nuclear l ' icense and by the assoc' iated
restr ict ions placed on the use of theirproperty. The SAFSTOR alternative requires continuing
physica l  secur i ty  ar id  sur 've i ' i iance of  s \ r 'uctura ' l  ' in tegr i ty  suf f ic ient  to  ensure publ ic  protect ion.

The information presented in this
. Considerations for SAFST0R,
. Methods, equipment, and other
.  Decommiss ion ing  ac t i v i t i es ,
. SAFST0R schedu'les and manpower
. Est jmated external occupat ional
.  Estimated costs for SAFST0R, and
. Defemed decontamination.

ei:l‖
::骨8品 doses for SAFSTOR

i
secLiof i  inc ludes:

t
I

i nformd$ i on ,

U.4.1 Consideratipn!_j[9r_SAFST0R I
I

In i t ia l ly ,  the reactor  defuel ing and chemic i l  decontamjnat ion of  the
p le ted ,  i s  shown ' i n  F igu re  S -1  o1  the  summary t .  4 t . t h i s  po ' i n l , 4 - l / 2
,ties have been carrle3 out before SAFSTOR acttiVlties are begun.

RCS are assumed to be com-
to  5  years  o f  c leanup ac t iv -

il::i!i:|1掃:i岩苫計;:]i]l卜:十亭i111:|:i格
11君
i営i「‖til♀ti:|:||:|:t士ま亀R]酷|:‖格【督暫唱!士i帝:y
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PlannSttg and preparation tncludes the following consギ derations:

。  Staff selection and trattning,
・  Regulatory requtrements,
・  Data gathering snd analysts,

.  ::普♀3骨,mil:ctFと需:|]il:ld i[Sti13nif ]le:|:iP:‖t♀:品ent,
・  Selectton of spec:alty conlractors, and
・  Reぃoval of unneeded spent fuel storage racks (optiOnal)。

These considerations are d:scussed generically in Section U.2.

U.4,2  Methods, Equipment, and Other lnformation

Decommissioning nethods, spectal tools and equipm:[:毛181! e早景:]を
｀
品をt景普8:e」景dal:n:♀:とl::i。|:idi;°prepare TMI-2 for SAFSTOR are discussed ttn this

order of thetr preSentation ttn the followttng sect→ ons, are:

・  Decontamlnatton, deactivation, and sealing methods,
。  Spray patnting,
・  Transfer of contaminated equipment and materials,
・  Decontamination and isolation procedures,
。  Special tools and equギ pment, and
・  Essential systems and services.

U.4.2ざl  Decontamination, Deactivation, and Sealing Methods

The decontaminatlon methods that have been used in the decontamination of the AFHB a150 are used
for SAFSTOR.  The methods are discussed in detaヽ l in Section 5。 1.2 and 5。2.2 and,are not repeated

tii:を‖も:i:::‖鳥:‖i早i11:♀皆
it:::♀
t早キiili]la普:告||:千::! :li!十:千‖:+者とと,i!:]十告|!:鑑]ill::をiWi::iを0:9:告告仔s.

The particular method used to decontaminate, deactivate, and seal each system or p村 ece of equipment

::r』Ⅳ解宅品謙温絆培提
1継
瀞v:188'・A古品韻艦 仏だ!d群烈Rs獣3嶺謎 d瑞

)Sttn帆.3
and 5。2.3.
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韓盟灘i:鈴錯縄ノ 就酬鑑樵貫t躙粘allow for changes ttn air pressure and temperature

Contaminated drains are decontaminated and bui ' lding
some cases, after the sump pumps are decontaminated
place to cover the sump area.

U .4 .2 .2  Sp ray  Pa in t i ng

sumps are decontamjnated and secured. In
and/or removed, stee' l  plates are welded in

Af te r  the  lcose, ,  read i ' l y  removab le  contaminat ion  is  removed by  thg  phys ica l  c lean ing  methods
descr ibed in  Se i t ion  5 . i .3 ,  and 5 .2 .3 ,  t r ,e  rooms or  a reas  and the i r  assoc ia ted  equ ipment  a re
inorougtt ty spray painted b6fore isolat jon or removal proced.ures begi.n. . .  Whenever possib-1e, a.11
contaminaied'sui f ices, both inside and outside, are coated to prevent the entra' inment of radic-
a . t j v j t y  in  the  a i r  dur ing  the  ac t ive  decommiss jon ing  tasks  or  dur ing  subsequent  surve i l lance and
main tenance ac t iv i t ies .

In general ,  i f  the Contaminat jon on a sur ' face cannot be removed-by wipi i rg o_r wash' ing using- stan-
U i rJ  Oecon iaminat ion  so lu t ions ,  i t  i s  pa in r ted  to  f i x  the  contaminat jon  in  p1ace.  An example  is  a
ioncre te  sur face  tha t  has  been penet ra tec l  by  contaminated  l iqu ids .  Whi le  the  sur face  migh t  be
i ie "neO in i t ia l l y ,  the  subsur fa ie  contaminaf , ion  can migra te  to  the  sur face  and be  d ispersed by
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air  movement and/on foot t raf f ic.  0n protected, inter ior surfaces with essent ial ly no traf f ic or
adverse environment,  the paint coat ingi  can be expected to last almost indef ini tely.  Part  of  the
survei l lance program is to monitor painted areas for deter iorat iorr  of  the coat ings and to recoat
them as necessary.

U.4 .2 .3  Trans fer  o f  Contaminated  Equ ipment  and Mater ia ls

Unsalvageable, contaminated equipment and othe'  miscel laneous noncombust ib1e i tems may be
transfemed to other secured, onsi te retr ievaL' le storage areas, as descr ibed in Chapter 8.
Likewise, wastes consist ing of t rash, expended EPICOR II  resins, and chemical decontaminat ion
solut ions wi ' l l  be handled using the methods described in Sect ion 8 and Appendix H.

I t  is ant ic ipated that before transfeming smal l  equipment i tems, the i tems are careful ly spray
paint6d to immobi l ize any contaminat ion. Freshly exposed sut ' iaces are immediately pa' inted to
prevent dispersal of  contaminat ion. The disconnected i tems are careful ly baggeci and transferred
to a ratr ievable storage area. The equipment and ductwork remaining in the work area is physical ly
decontaminated as described in Sect ion 5.2 and spray painted as previously descr ibed.

U.4 .2 .4  Deeontaminat ion  and Iso la t ion  Procedure

ihe l3-point procedure given below is postulated to be used to prepare the contaminated areas
for SAFSTOR:

1.  Conduct  in i t ia l  rad ia t jon  survey .
2. Vacuum inter ior surface areas.
3. Deact ivate nonessent ial  systems and equipment.
4. Clean bui lding inter ior surface areas and exposed surfaces of equipment ar,d piping.
5. Clean remaining hot spots.
6. Apply protect ive paint.
7.  Transfer,  as feasible, contaminated equipment and mater ials.
8. Decontaminate and seal vent systems.
9 .  InEta l l  HEPA- f i l te red  vents .

10. Deact. ivate remaining nonessent ial  systems and equipment.
11 .  Ins ta l l  in t rus ion ,  f i re ,  and rad ia t ion  de tec t ion  sys tems as  necessary  and prov ide  fo r  ons i te

readout and servicing.
L2. Conduct f inal  radiat ion survey.
13. Secure the structure. .:

U . 4 . 2 . 5  S p e c i a l  T o o l sanlH Equipment

Fewer special  too' ls and equipment are required for the preparat ions for SAFST0R than for DECON.
No decontaminat io .n 'o f  h igh ly  ac t i va ted  mater ia l  o r  equ ipment  i s  necessary ,  thus  e l im ina t ing
the need for and expense of special  remote handl ing equipment.

A l ist  of  special  tools and equipment postulated for use in preparat ions for SAFST0R, together
w i t h  t h e i r  f u n c t i o n s ,  i s  g j v e n  i n  S e c t i o n  U . 2 . 2 .

U.4 .2 .6  Essent ia l  Sys tems and Serv ices

Dur ing  prepara t ions  fo r  SAFST0R,  cer ta in  fac i l i t y  sys tems and serv ices  must  t "emain  in  p lace
and in  serv ice  fo r  con taminat ion  cont ro l ,  fo r  indus t r ia l  o r  personne l  sa fe ty ,  and to  a id  in
the complet ion of decommissioning tasks. These systems and services are the same as those
described in Sect ion 1t.2.2 and are not repeated here.

As  areas  w i th in  the  fac i l i t y  a re  secured fo r  con t inu ing  care ,  the  essent ia l  sys tems and serv ' i ces
in  these areas  are  deac t iva ted  as  descr ibed prev ious ly .  Cont inuous  serv ice  to  the  remain ing
work areas is maintained as 1-oquireci .

A f te r  p lac ing  the  fac i l i t y  in  SAFST0R,  cer ta in  sys tems and serv ices  are  requ i red  dur ing  the
cont inu ing  care  per iod .  These sys tems and serv ices  are  l i s ted  in  Tab le  U.19 ,  together  w i th
the  jus t i f i ca t ion  fo r  re ta in ing  each.  The equ ipment  jn  these sys tems is  inspec ted  and
renovated  to  ens t ' . ^e  adequate  re l iab i l i t y  be fore  the  surve i l ' l ance  and main tenance per ' iod  beg ins .
In  add i t ion ,  j t  i s  assumed fo r  th is  ana lys is  tha t  fo r  as  long as  fue l  j s  s to red  a t  TMI -2  the
in t rus ion  a la rm sys tems w i th in  the  fac j f i t y  and on  the  per imeter  fence are  mod i f ied  as  necessa:y
to  p rov ide  surve i l lance capab i l i t y  by  the  ex is t ing  ons i te  secur i ty  fo rce .
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Table U.19. Systems and Services Required
During the Continuing Care Period

i  Systens and Servlces Justi f ication

Electrical power

Fire protection system
In-Pl ant communications
system (telephone)

Security systems

0perations of electr" ical equipment,
i ncl udi ng 1 i ghti ng,,' survei I I ance
,ironitoring, and radiation monitoring
systems and alar.ms
Health and safg'ty

Personnel safety considerations
Fublic safety and plant protection
considerations, includ' ing fuel
storage..(a recognized optional
cons i derati on )

U.4.3 Decommiss ioning Act iv i t ies

The postulated faci l i ty status for the start of al l  of the decommissioning alternatives used for
th is  analys is  is  oescr ibed in  Sect ion U.1 and is  not  repeated here.  The decommiss ioning act iv i t ies
for SAFST0R start with the shipment of the irradiated fuel assemblies and recovered spent fuel
pieces to a disposal faci ' i i ty. The fuel shipments continue re' lat ively unabated unti l  alf  irrad' i-
ated fue' l  fs removed from TtrI-2. The schedule for the fuei shipments, including manpower, est ' i-
mated occupational doses, and associated costs, are the same as those described in Sectjon U.3
for DEC0N.

, At the start of SAFST0R decommissioning activit ies for TMI-2, prodigious amounts of various types
and s izes of  sh ie ld ing mater ia ls ,  specia ' l  too ls ,  equipmen[ ,  inst ruments,  in-p lace s taging,  and
other beneficial but currently undefined hardware wil l 'be in-place and/or onsjte and ready to use
for  act ' ive decommiss ioning.  Undoubtedly ,  th is  mater ia l  wi l l  a id  in  the decommiss ioning ef for t .
0n therother hand, al l  material that was previously used must be assumed to be contaminated to
varying degrees as a result of the post-accident recovery and cleanup ffforts for whjch it  was
origini l ly purchased. Therefore, whether any such material is reused foh SAFST0R activit ies (an
advinthge and cost  sav ings)  or  is  s impty in- the way (a cost ly  d isadvantage) ,  i t  must  eventual ly
eithert.be decontaminated, disposed of as radwaste, or reused elsewhere. The potential volume of
this pnerous material is currently unknown and therefore is not addressed in this analysis.

A corfprehensive radiation mapping of the reactor containment building and the AFHB is completed.
The pbjective of this mapping (both the init ial effort and those of an ongo'ing nature that occur
thr"oirghout the preparations for continuing care) is to: (1) acquire and update technical data
needed to p lan for  addi t ional  decontaminat ion,  (2)  assess the current  condi t ion of  the bui ld ings
and equipment, and (3) provide necessary maintenance for equipment needed during the preparat ' ions
for  cont inu ing care to  prevent  rad ioact ive re leases or  to  implement  decontaminat jon act iv i t ies.
The technica l  data needed inc lude current  nadio ' log ica l  surveys,  isotopic  analyses,  and radio log ica l
mapping to identify hot spots and assess decontamination requirements and 1ike1y locations for
adci i t ional  sh ie ld ing/ radiat ' ion barr iers .  The mapping and assessment  is  postu lated to  consis t  o f
en t r i es  o f  re la t i ve l y ' l ong  du ra t i on  du r ing  wh ich  de ta i ' l ed  su rveys  o f  rad ia t i on  f i e lds ,  i nc lud ing
ductwork and other equipment, are made. 

' l 'he 
TMI-2 site and pre-accident support faci l j t jes are

given a comprehensive radiat ion survey and are assumed in  th js  ana ' lys is  to  be re leased for  unre-
str icted use'without further efforc.

The durat ion of ,  events dur ing SAFST0R preparat ' ions for  cont inu ing care is  shown in  F igure U.5.
The deconta.minatiOn and preparations for rrontinuing care of TMI-2 is estimated to require about
30 months.
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YEARS AFTER START

OF DECOMMiSS10NING

DECOmMissloNINC ACTiV:TY

/
F igy i^e U.5.  Durat ion of  Act iv i t ies Prepar ing for  Safe Storage.

i
. /

A brief discussion of the postulated preparations for SAFSTOR of the TMI-2 unit is presented in
the fo l lowing sect ions.

U.4.3.1 Conta inment  Bui ld ing

Post-accident recovery and cleanup activit ies are assumed to have left the containment bui ' lding
in a radiological condit ion such that addit ional decontamination is required (see Section U.1 for
detai ls). As mentioned earl ier, the chemical decontamination of the RCS and intert ied systems is
assumed to be comp'leted fol lowing the defueling and disabling of the reactor. Radiation and
contaminat ion levels  a l low for  contro l led but  cont inuous access of  decommiss ioning workers ' in to
the containment building. Large amounts of the shielding materials used for the massive post-
accident cleanup effort are assumed to either be in p' lace or readily available to use for decom-
miss ioning act iv i t ies in  the conta inment  bu i4ding and e lsewhere.  Other  mater ia ls  and equipment
in this category also may prove usefu' l  to the overal l  decommissioning effort (see Section 5.1.5).

Decommissioning parameters (e.9., volumes of waste, occupational dose, and tota' l  costs) are
directly impacted by the radiological condit ion of the buildings at Tl4I-2 at the start of the
preparations for continuing care. What t,hese condit ions wil l  be is unknown; however, in Sec-
t ion U.1,  the postu lated fac i l i ty  s tatus is  d iscussed.  In  addi t ion,  severa l  assumpt ions are
considered as necessary precondit ions to clarify this SAFSTOR decommissioning analysis for the
rbactor containment building. These assumptions are given in the fol lowing paragraphs.

F6r the fuel transfer canal (FTC) +-he fol ' lowing assumptions apply:

Ult imate disposit ion of tr i t iated walLer has not currently been decided.

The FTC is decontaminated with water jets as i t  is drained; water is processed before be' ing
returned to storage after defueling operations; addit ional decontamination ( including hot
spots)  is  fo l lowed by paint ing.

3. Decontaminat ion of fuel  storage racks is reasonably effect ' ive; therefore the racks are
pa in ted  and le f t  in  s to rage dur ing  cont inu ing  care .

１

二

２

CLEANUP AND FiXAT10N OF CONTA:NMENT BLDG.

CLEANUP AND FiXAT10N OF AFH Bり G.

1堺
1繁

N焦
居盟 料!Fヅ

叫 DNい

CONTROL AND SERViCE  /

CONTハlNMENT SERViC亨
/ '

LlQUlD RADWASTE PROCESSiNG
/

SHlPMENT OF SPENT/UEL

PROCESSiNC ANゝ抱HlPPiNG OF RADWASTE
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;

For general  decontaminat ion efforts in the reactor containment bui lding, the fol lowing assump-
tions are made:

l .  Essent ial  bui lding systems and services have been restored, renovated, and lef t  in-place
after the post-accident recovery cleanup effort.

Z. The upper boundary radiological  condit ion for the genenal decontarninat ion act iv i ty is est i -

mated' to ""quire 
-a 

SO:+0ff-mixture of water- jet  and hands-on work, respect ively,  for al l

surfaces reql i r ing addit ional decontaminat ion before being painted.

3. The decontamination efforts descnibed in the above assumption are assumed to be used on

one-third of the total  inside surface area of the bui lding, including equipment therein-
(I t  should be recognized that the same surfaces in al l  cases wi l l  not necessari ly require
both methods ef decontamination. )

4.  Waste solut ion generat ion rates are based on:

. Water-jet methods at about 6 gpm; Z-person crews; and a cleaning rate of about 500 ft2/
hr/crew.

. Hands-on methods at about 25 gph; 4-person
hn/cnew. j

crews; and a c'leaning rate of about L65 ft2/

ユ
誰♀揮督甘]盟辮僻li手Ъざ紺f2]88口liぢ'品rir輔♀ヨ」

｀
棋ξ性』『f掛鴨t計押ギ甘f督ギ『せ普ln封

surfaces have been decontanlnated at least once b)f thヽ s time, all buSlding surface are

painted, thus immobギ lizing any remattnttng conta冊村natton.

6.  A minSmum of 56,000 gallons of contaminated water from semi― remote decontamlnation and about

6,800 gallons of decontamttnation l肯 quttds are estimated to require processlng.

及:[rttin昭鵠t齢督捕村ユ摺盟猟辞l畦理:職
i協
ギ出hini,と::iat♀:♀:t予lin::i:in311g

care.                                         1

8.  The sump water processlng system Ds assumed tol have been removed.

9・
::♀堤斎

et呈
旨とl昔総 竜魂ぷ税法ゴ塩1忍!猟舞8習

il斎
elilttelfeさ:景モ:mll:t:廿

mtal:rui:d

o r  t h e  s h i e l d i n g  l e f t  i n
needs dur ing  cont inu ing

not increaseF. :

10. Hot spots t l iat  were shielded earl ier wi l l  ie i ther be decontaminated
place, depefrding on sunvei l lance, maintenahce, and survey worker 's
care (an ALIRA considerat ion).

F ina l l y ,  the  RPt '  sh ie ld ing  b locks  are  assumed to ' .be  p laced above the  reac tor  in  the i r  normal
pos i t ion  fo r  th f  con t inu ing  care  per iod .  !
' !

The est imate o/ the work required to prepare the reactor containment bui lding for cont ir ,uing care
i i  Uased on  tde  ana lys is  o f  necessary  decommiss ion ing  ac t iv i t ies ,  inc lud ing  the  assumpt ions  jus t
q iven.  p rev iogs  s tud ies , l -3  and eng ineer ing  judgement .  In  genera l ,  the  work  invo lves  add j t iona ' l
iemi-reirote dho hands-on decontaminat ion acl iv i t ies of the type previously descr ibed in Chapter 5.
n i  "  " . ru i i  j i  p reAefue l ing  decontaminat ion  work ,  i t  i s  an t ic ipa ted  tha t  the  leve ' l s  o f  rad ia t ion /
contaminat idh at the start  of  the preparat ions for cont jnuing care wi l l  be the same as those
postu la ted ; in  Sec t ion  U.  1 .

,
The sequey'ce and schedule of events for preparing the reactor containment bui lding for the cont inu-
i n g  c a r e . P e r i o d  i s  g i v e n  i n  F i g u r e  U . 6 .

I

U.4.3 .21  Aux i l ia ry  and Fue l  Hand l ing  Bu i ld ' ing

gnce l i re comprehensive radiat ' ion mapping of the-AFHB (see Sect ion U.4.3) has been completed the

nei i  dct lv i ty to get underway is the shipnrent of the spent fuel  _and-recovered spent fue1. p ' ieces

io  a i ts to ragd fac iT i ty ,  a  rep- rocess ing  fac i l i t y ,  o r  a  d isposa ' l  fac i l i t y  o f fs i te .  _  Assuming an

iF- /OO c" r [  (cap"c i t ! -seven 'e lements )  ' i s  used,  w i th  an  
'18-day  

round- t r ip  -cyc1e,  26 ._ t1 ip_s .  w i l l  be

req l i i reC to  remove lne  tZZ fue t  e ]ements ,  o r  abou- t  15  months  e lapsed t ime.  Ava i lab i l i t y  o f
"n j i tu t  spent  fue l  sh ipp ' ing  cask  o f  s im i la r  capac i ty  wor . r ld  reduce the  fue l  sh ipment  per iod  to
apout I nonths.

; fhe postulated sequence and schedule of t , rsks for the preparat ' ions - for cont ' inuing care of the
t n F i g - i s  s h o w n  i n  F ' i g u r e  U . 7 .  F o r  t h e  s t a r t  o f  d e c o m m i s s i o n i n g  a c t i v i t i e s  i n  t h e  A F H B ,  i t .  i s
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U,3,
1

,
assumed that al l  radioactive l iquids in tanks and systems that are unneeded for subsequent decom-
missioning activit ies have been drained and procissed. This assumption appears to be reasonable
based on decontamination efforts to date and on;the status of those sti l l  to be completed (see
Sect ion 5.1 and Appendix  0) .

In genenal, decontamination activit ies start on the upper levels and proceed toward the lower
levels. The spent fuel pool cleanup system wil l  remain in service unti l  shipment of spent fuel
is completed.

Since considerab' le post-accident decontamination work, both init ial and fol low-on, wil l  have been
done prion to the stant of decommissioning, i t  is assumed that the radiologica' l  condit ions in the
AFHB are somewhat improved over those described in Section U.1 for the reactor containment buildinq.
In pnactical terms, this means that similar contamination activit ies (semi-remote and hands-on)
wil l  be necessary to prepare the AFHB for continuing care, but to a lesser degree than in the
containment building, because of the general ly lower overal l  average radiation/ contamination
levels. However, since it  is necessary to decontaminate and/or immobil ize a greater total surface
area in the AFHB than in the reactor containment building, the result wil l  be a net increase in
occupational hours consumed and volumes of sastes produced.

U .4 .3 .3  0 the r  Bu i l d ings

The other buildings associated with Tl. l I- t  contain any quantit ies of radioactivity are the
serv ice bui ld ing,  and the l iqu id radwaste proces-control and service building, the conta

s ing  bu i l d ing  ( i f  bu i l t ) .  I t  i s  pos tq , l

r

slng bullding tiF Dullt,.  it is pot
EPICOR―I, the radlochemistry hot labs res in so l id i f icat ion and mid-

that  the chemical  c leaning bui ld ing (EPIC0R I I ) ,
in  so l id i f icat ion and mid-h igh level  radwaste s tarlevel radwaste staging

te and serv icable forfacflity (lf buギ lt), and the solld
use with TMI-1.

Control and Service Buギ l dtt ng

fe  s tag ing modules wi l l  remain onsi te  and serv icable

Radttcacttvely contaminated equipment/Sn this bu lヽding is llmited to the contaminated dFafn System
and the isolation valve tanks and pumps on the 280'ft level, the monitoring and soヽ led laundry
areas cn the 305-ft level, and the decontaminattton f1lter assembly on the 351-ft level.  Si nce
all systems and services are controlled from thts butl逗 モ鼻尋, it will とを と阜e last to be decontamina―
ted.

lontainment Servtce Su肯lding

This

hatch
lt Ss

sl nce

s t ruc ture  is  bas ica l l y  an  ex tens ion  o f  the  conta inment  bu i ld ing ,  enc los ing  the  equ ipment
and providing a staging area for shipping of packaged mater ial  f rom the containment bui lding.
pos tu la ted  tha t  the  decontaminat ion  e f fo r t  in  th js  bu i ld ing  is  l im i ted  to  sur face  c lean ' ing ,
the mater ials are most ly already packaged before removal f rom containment.

Liquid R3dWaSte Processtng Building                                /

This structure does ROt presently exist and its contents can only beゃ 。Stulated.  Likely systems
include a radwaste evaporator and a l村 quid waste solidificatlon system.  Decontamination and
deactivation of these systens is delayed until decontaminat:on of the reactor containment and AFH
bulldings ギ s complete.

U.4.4  Waste Volumes from SAFSTOR

Preparing TMI。 2 for safe storage will produce radioactttve wastes from four different sources:

1.  Water―jet cleaning llquid from the reactor containment buSlding and water―set Cleaning
l i quttd, plus SFP draining liquid, from the AFH buギlding,

2コ  Hands―on chemical decontamination solutions from all sources,

3.  Dry, sol村 d waste from all sources, arid

4.  Chemical decontamination 301utions flヽ om contaminated drain3.

A summary of the estSmated radギ oactive waste volumes from all four sources is given in Table U.20,

along with estlmated numbers and types of containers postulated used for disposal and/or storage
and thelr estimated buraヽl volumes,
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u.4.5  Effluents and Releases to the Environment

紺 瑞 鱗 絲 毬 淵 艦 靴 耳 紆 艦 粗 瑞 謎 簿 側 試 端 補 孔 _

ing the transportSng vehttcle.
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matntaSned,  Thus, no impact on the envギ ronmettt from thls source will occur.

The atmosphertc release of radionuclides ts assumed to be the only source of radiation to the

public from routine decomm:sstoning operations.  All llquid radloactive wastes generated during
decowlllissioning operatギons are assumed to be sent to the plant liquSd waste storage system or to
other tanks that are desギ gnated for temporary storage of these solutlons.  The wastes are then
assumed to be processed through the waste concentratton and sol:dification system.  All systems
desttgned to control the release of hazardous materfal to the envlronment or to noncontamttnated

Portions of the fac111ty are assumed to be in operation durttng the decontam→natギon activttties and
subsequent waste processlng.

The primary source of radioactttve effluents from routギne decommisstoning operations while preparlng
the plant for safe storage tts contam nヽated lSquid aerosols that result fr3m the Various decontamina―
ttton activlttes.

An analysis of the generation of atrborne radioactivity during decommissioning operattons at a
large PWR is gtven tn Appendix J of Reference l, with the results of that analysis eummar月 zed in

Table U.7.  Only one of the DECON operations listed in Table U.7 is of significance during the

preparations for safe storage:  waterttjet cleaning, with a postulatod release of about 10 μCi.
The release → nvolves the radギ onuclfde mtxture defined as Reference Radionuclヽ de lnventory No. 5,

as llsted ttn Table U.11.  The releases postulated tn Table U.7 do not include releases from

possible accidents involving titansport of spent reactor fuel from the site to a dヽ sposal fac1lity.

U.4.6  Envtronmental lmpacts

The env→ ronmental lmpacts associated with the decontamination and minor disassembly operations

performed while preparing TMI-2 for safe storage are contattned in three general categoriesi
(1)the rad月 atlon dose to the workers involved in the dttsassembly, packaging, and transport of
the radicactive materials from the site to a dttsposal facility; (2)the radiation dose to the

publlc resultSng fron releases of radttoactivity from the site during decommissギ oning operations

and from radttatlon emanating from shipments of radioactive waste whヽ le in transit on public

htghways or rallwayss and (3)the cOmmitment of space in a low-level radioactive waste burial

ground for the disposal of the radioactSve materials from the plant.  The impacts associated with
each of these categories are discussed in the following sectlons.

U.4.6.l  Esttmated Occupat肯 onal Radttation Dose from SAFSTOR Activtties

The radttation dose accunulated by the workers perform肯 ng SAFSTOR activities is estimated by

縦靴麒鞘欄檎職麟鑑鰈端艦許
:♀↑:|]iga盤穐帯枇辞ぷ獣

e愁
ゴ品∫略浩17+熱林。n dose received by workers捕le perfortt ng

SAFSTOR operations.

The estttmated dose recelved by the transportation workers during the transport of packaged radio―
active Wastes, based on an assumed realistic dose rate for each shipment as given in Sectヽ on 9.5。1.1

禅
r辞
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Table U.21. Estimated Cumulative Radiation Doses Received
by l{orkers During SAFST0R Operations

Location and Task

Average Estimated
Loca'l Worker

Dose Rate Exposure
(rem/hr) Hours

Cumulative
Radiation

Dose
(person-rem)o

Reactor Containment Bullding

Predeco「Hntsstoning factlity radttation
mappl ng

Decontamlnat→on: f

347‐ft level
305‐ft level
OSTG cubScles and equttpment
RPV head and cavity
282-ft level
305-ft level encroachment area

Chemttcally decontaminate drain systems

Patnting (all requtred surfaces)

Processlng of radwaste:

Process Decontanlnation Water―

Set Water (～56,000 gallons)
Process hands― on chemScal

decontamination soluttons

(～6,800 gallons)
Process solld, dry trash (～ 150

compacted drums)
Process drain decon fluids

( 7ヽ,900 gallons)

Isolate and seal equiprlent and areas
and install HEPA― f lヽ tered veilts

Deactivate unnecessary ut村 lSties

lnstall intruston, radtation
monitorlng and flre alarm systems

Final radiation survey

A u x i l l a r y  a n d  F u e l  H a n d l i n g  B u ヽl d ヽn g

Ship fuel (26 shipments)

Predecommissioning facility radiat→ on

mapplng

General cleanup

Drain SFP, water―jet clean, and
stablllze contaminatlon (alSO See

processttng of radwaste, below)

Decontamination (all levels; incl udes

equipment and structural surface!3)

Chemically decontaminate drain systems

PaS nting (all required surfaces)

Isolate and seal equipment and alreas
and :nstall HEPA― filtered vents

Deacttvate unnecessary equipment and
utilities

0,017

0.005
0,010

0.030
0.030

0.030
0.003

0,001

0.006

0.002

(0.001

0.003

く0.001

0.005

0.003

0.002

0.003

0.003

0.005

0,004

0.004

0.002

0,001

0.002

0,005

0,001

550

410

290
330
170
680
640

550

2,300

1,056

1,875

210

3,240

1,580

530

660

350

3,800

550

260

1,320

7,890

550

5,000

7,400

550

9.35

2.05
2 . 9
9 . 9
5 。1

20.4
1.92

0.55

2.11

0.65

0。63

0 , 6

7 . 9

1.59

1.32

1.05

11.4

2.75

1.04

5.28

15。78

0.55

10

37

0.55」
ヽ
れ
十
■
≡
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Table U.21。  (Contギ nued)

Location and Task

Average
Local

Dose Rate
(rem/hr)

Estimated
I'lorker

Exposure
Hours

Cumul ati  ve
Radi ati on

Dose
(person- rem)o

Insta l l  in t rus ion,  rad ia l ion moni tor ing
arrd fire alarm systems '...

Processing of radwaste: '..

Process decontamination water-jet
t{ater and SFP water
(*757,000 gal ' lons)
Process hands-on chemical decon-
taminat ion so lut ions
(*21,500 gal lons)
Process solid, dry trash
(1500 cempacted drums)
Process drain DEC0I" f luids
(*7,900 gal lons)

Final radiation survey

0ther  Bui ld ings
A l l  l e v e l s

Total

0.001 0.6

0.002

く0.001

0.003

～0.001

0.002

0.003

15,120

6,480

800

3,240

350

5,000

30。24

2

2 . 4

0 . 6

0 。7

15

218b

aThe number of f igures
precision to that many

shown is for computational accuracy and does not imply
s ign i f icant  f igures.

bRounded to the nearest person-rem.

Table U.22.  Est imated Cumulat ive
by Transport Workers During

Radiat ion Doses Received
SAFST0R 0perations

ｒｅ

ｅ

ｋ

ｐ
研
中

Ｗ Dose,/Shipment
(m i l l i r em/d r j ve r )

Number of
Shi pment,s

Cumul ati  ve
Radiat ion Dose
(person- rem)

Truck drivers
Train crew

Total

56

120

114

26

12. ga

6 . 2 4

19

aAssumes two drivers/truck, two brakemen/train.
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U,4.6.2  0ffsite Doses from SAFSTOR Actギ vtttSes

The dose estinates presented here for the SAFSTOR deccmmlsslonlng operatlons are based on the
source terms descrlbed ttn Secttton U.4.5 and on the assumptton that decommlsslonlng activittes
take place 10 years after the TMI。 2 acc村dent (11.4 mttcro― curttes of reference ギ nventory 5).  The

calculat→ onal mlodels used to make these estimates and the lnterpretation of thetr results are

descrttbed in Appendttx W.  The sヽ gntficance of these doses and thetr human health and environmental
consequences are dttscussed Sn Sectギ on 10,3.  The dose estimates to the maxttmum― exposed individual

are listed in Table u.23.  The 50-mギ le total body populatヽ on dose recelved by the human population

during these actSvltギ es ls estlmated to be 7 X 10-5 perSOns― rems,

Table U.23. Est imated Doses to the Maxinum-Exposed Individual
from Norma' l  0ecor: issioning Act iv i t ies (SAFSTOR)

Dose (mrem)a

Locati on Pathway Tota'l-Body Li ver

Ne3:景
岳とnb

Nearest
m i l k  goa t

Nearest cow
and garden

I nhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Sh ine
Goat  Mi lk  Use

Total

Inha l  a t i  on
Ground Sh ine
Vegetable Use
C o w  M i l k  U s e

Total

1.6 X 10-7

6.4 X 10-7
3.6 X 10-6

4,4 X 10-吊

1.4 X 10。 71 !

6.l X 10-7

9.7 × 10-6 L

l,O X 10-5

1.7 X 10-7
9.4 × 10-7

5。3 X 10-6
3.6 × 10-6

1,0 × 10-5

3.6 X 10-7

6。4 X 10-7

1.6 X 10-5

1.7 X 10-5

1.9 X 10-7

6.l X 10-7

7.5 X 10-5

7.6 X 10-5

3.9 X 10-7

9.4 X 10-7

2.4 X 10-5

1.8 X 10。 5

4.3 X 10-5

3.O X 10-7

6.4 X 10'7

1.5 X 10-5

1.6 X 10-5

2.O X 10‐ 7

6.l X 10-7

8.8 ×  10-5

8.9 X 10-5

3.3 X 10-7

9.4 ×  10-7

2.2 X 10-5

1.7 X 10-5

4.O X 10-5

"Dor " ,  were  ca lcu la ted  fo r  To ta l -body ,  GI - t rac t ,  bone,  l i ve r ,  k idney ,
thyro id ,  lung  and sk in .  The max imum three  organ doses  are  l i s ted  in  th js
tab le .  Doses  were  ca lcu la ted  fo r  four  age groups :  adu l ts ,  teenagers ,
ch i ld ren ,  and in fan ts .  The h ighes t  dose es t imates  fo r  each age group are
l isted. The dose est imates for the total-body pathway are for adults.
The dose est imates for the bone and l ' iver pathways for the nearest
garden and nearest cow and garden locat ions are for chj ldren, and for the
nearest goat locat ion are for infants.

bThe bas is  fo r  se lec t ing  the  spec ia l  loca t ions  is  descr ibed jn  Append ix  W.
The ac tua l  loca t ions  were :  neares t  garden =  1 .05  mi le  eas t -nor th -eas t ,
neares t  mi lk  goat  =  L .02  mi le  nor th ,  and neares t  cow and garden
=  1 . 0 5  m i l e  e a s t .

The es t imated rad ia t ion  dose to  the  pubr l i c  resu l t ing  f rom t ranspor t  o f  rad ioac t ive  mater ia ls
o f fs i te  i s  p resented  in  Tab le  U.24  fo r  bo th  t ruck  and ra j l  t ranspor t .
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Table U.24. Est imated Radiat ioniDose Received by the Publ ic
During Transport of itadioactive Wastl

from SAFSTOR Operations

Type of Shipment
Number of
Shipments

Dose/Shi pment
(person- rem)

Pub l  i c
Rad ia t ion  Dose
(person-rem)

Radioacti ve
mater ial  ( t ruck)

Spent reactor fuel
(rai  I  )
Total

114

26

0 . 0 5 3 4

0.0293b

6 . 0 4

0 . 7 6

5 . 8

9BaseA on da ta  g iven in  Sec t ion  9 .5 .1 .2 .
bBased on data given in Sect ion 11.4.d of Reference 1.

U.4.6.3  0ther Environmental Effects

Other impacts'  on the environment surrounding
wi l l  be  s imi la r  to  those d iscussed in  Sec t ion
fewer workers involved in SAFST0R and because
completed before the start  of  decommissioning.

Cont inued storage of the bulk of the radioact ive matqr ials onsi te during SAFST0R might tend to
cont inue the 'ex is t ing  leve ls  o f  anx ie ty  in  the1oca l  c0mmuni ty ,  even though the  read i l y  d ispers ib ' le
mater ia ls  have been so l id i f ied  and packaged.  Not  sh ipp ing  these mater ia ls  to  a  d isposa l  s i te
would tend to reduce the anxiety levels among the populace along the transport  routes unt i l
deferred decontaminat ion takes p1ace.

The number of persrrns employed at the TMI si te wi l l  be reduced when Unit  2 has been placed in
safe storage, thus reducing the local payrol '1.

U.4.7 Est imated Costs for SAFST0R

The pr incipal cost i tems for SAFSTOR are labor,  waste disposal,  spent fuel  disposai,  and energy.
Other  cos ts  inc lude spec ia l  equ ipment ,  spec ia l ty  cont rac tors ,  l i cens ing  and insurance,  a r rd  misce l -
laneous suppl ies. The bases for the costs presented here are giVen in Appendix H and Sect jon 10
of Reference 1, and are acl justed for escalat ion between early-1978 and mid-1980, as discussed ' in

Sect ion  U.3 .5 .  The cos ts  a re  summar ized in  Tab le  U.25 ,  w i th  the  es t imates  o f  the  pr inc ipa l  cos t
i tems deve loped in  the  fo l low ing  sec t ions .  

,
U . 4 . 7 . 1  D e c o m m i s s i o n i n g  L a b o r  C o s t s  ,

The bas ic  decommiss ion ing  c rew is  pos tu la ted  to  cons is t  o f  seven lmembei rs :  a  c rew leader ,  a
ut i l i ty operator,  two laborers, two craftsmen, and a health physi ,cs tebhnicjan. The average
sa' lary cost per hour pen crew member developed from data given in Table I .1-1 of Reference 1.
escalated by L7%, is $15.12. From Table L0.2-2 of Reference 1, the rat io of crew labor cost to
to ta l  decommiss ion ing ' labor  cos t  i s  2 .53 .  The d i rec t  decommiss ion ing  c rew labor  hours  fo r  the
p r i n c i p a l  b u i l d i n g s  a n d  a c t i v i t i e s  a r e  g i v e n  i n  T a b l e  U . 2 6 ,  s u m m a r i z e d  f r o m  S e c t i o n  U . 4 . 3 .

U.4 .7 .2  Rad ioac t ive  Waste  D isposa l  Cos ts

The rad ioac t ive  mater ia ls  requ i r ing  C.sposa l  dur ing  SAFST0R o f  TMI -2  cons is t  o f  the  sources  and
end product vraste forms given in Table U.20; these are:

.  Resins and f i l ters from water- jet  decontaminat ion,

.  Hands-on and drains decontaminat ion solut ions, and

.  Dry ,  so l id  waste .

Es t imates  o f  the  cos ts  o f  d ispos ing  o f  these mater ia ls

i

tne \Ul stat ion result ing from SAFST0R of Unit  2
10.5 , \bu t  o f  lesser  magn i tude because there  w i l l  be
gross ".,contami nati on c'l eanup ef forts wi I I have been

\

are summar ized in  Table U.27.
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Table U.25.  Summary of Estimated Costs fOr SAFSTOR

Cost 村n Mill村Ons of

Mld。1980 DollarsCategory

Decommissioning labor

Di rect
Support

Radwaste disposal

Spent fue'l shipment

Energy
0ther costs:

Suppl ies
Equipment
Contractors
Nuclear insurance
Licensing fees

Subtotal

25% contingency

Total a

aTotal rounded to three signif icant f igures.

Table U.26.  Estimated Labor Costs for SAFSTOR

1.88'

3.0441

1.214ヽ

2.496 ヽ

2.64   1

1,044

0.088
0。123
0,344
0.045

12,925

3.231

16.2

Actlvlty

Direct Crew
Hours

Labor Cost
i n  M i l l i o n  o f  D o l l a r s

Di rect Crew Total

Containment building

AFH building

Other buildings

Radwaste processlng
and shipping

Spent fuel shippinga

Total

16,616

45,550

15,206

42,134

5,280

124,786

0.251

0.689

0。230

0.637

0.080

1.887

0。660

1.812

0.605

1.675

0。179

4.931

aBased on Table U.17.
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U.4.7.3 Spent Fuel Disposal Costs

Assuming that 177 fuel bundles are shipped in a large rai l  cask ( IF-300) that can gaffy seven
bundles-per shipment,  26 shipments are iequired. The spent fuel  receiving faci . I i ty is assumed to
be locat ld 1,50b mil is f rom tnl-2, and an 18-day round-tr ip cycle is maintained-

The transportation costs are assufled to be $33,000 per trip. { cask -rental of $3500/day il
assumed. 

'Thus, 
the cost for removing the spent fuel  f rom the Tl l I -2 faci l i ty is ($3500/day)

(18 days, l t r ip) + $33,000/tr ip = $95,000/tr ip,  for a total  of  $2.5 mi l l ion for 26 tr ips. No
inargei are' included for t rairOl ing ind eventual disposal of  the fuel  at  the f inal  dest inat ion.

U.4 .7 .4  Enengy Costs

Energy usage during decommissioning is
equal amounts. The cost of energy is
1978 dol ' lars.  Assuming an escalat ion
mi  I  I  ion .

U。47

comprised of electr ical and fossi l  energy, in roughly
e$timated in References 1 and 3 to be about $2 mil ' l ion in
factor of 3%, the energy costs are estimated to be $2.64

U.4.7 .5  Other  Costs

Other  cos t  i tems inc lude misce1 laneous supp l ies ,  spec ia l  equ ipment ,  spec ia l ty  cont rac tors ,  nuc lear
insurance, and l icensing-fees. I t  is assumed that the cost of  these i tems as presented in Refer-
ence 1, when escalated by 17X, are appropriate for the TMI-2 analysis.  Based on Table 10.2-1 of
Reference 1 and Table 10.2-1 of Reference 3, these i tems are est imated to be $1.044, $0.088,
$0 .123,  $0 .344 and $0 .045 mi ' l1 ion ,  respec t ive ly .

U.4.8 Deferued Decontaminat ion

As mentioned elsewhere in this statement,  i t  is preferable to restr ict  decommissioning al terna-
t ives to those that do not imply use of the TMI-2 sj te for storage of radioact ive mater ials
beyond the normal operat ing l i fet ime of the other nuclear power reactor present on the s ' i te,
whi:h is approximately 30 years. To terminate the nuclear l icense after a safe storage period of
abouL 30 years would probably require the dismantl ing of al l  or iginal ly contaminated systems to
demonstraie their  releasabi l i ty.  Therefore, i t  is assumed that essent ia ' l1y the same operat ' ions
and waste  vo lumes as  descr ibed fo r  DECON in  Sec t ion  U.3  cou ld  be  expec ted ,  bu t  w i th ' less  to ta l
occupat ional radiat ion dose because of decay of the radioact ive contaminants.

The types and guant i t ies of manpower used for survei l ' lance and maintenance and the radiat ion
doses present in the plant wi l l  determine the cumulat ive occupat ional radiat. ion exposure during
the cont inuing care period. Based on Table H.4-4 of Reference 1, an occupat ' ional radiat ion dose
in the ral lge of 10 to 14 person-rem would be accumulated during the f i rst  30 years of cont inuing
care. Less than 4 person-rem total  radiat ion dose would be accumulated during the subsequent
70 years. Because a larger fract ion of the totai  radioact iv i ty present in TMI-2 js Cs"137 than
was the case in the reference study, the cumulat ive dose may be somewhat larger than given in
Reference 1.

Based on the detai  led cost est imates developed in Appendix H of Reference 1, and escalated by !7%
for inf lat ion, annual cont inuing care costs of about $60,0f i0 are est imated for l t l I -z,  excluding
the  env i ronmenta l  mon i to r ing  program descr ibed e lsewhere  jn  t ! : i s  PEIS.

The same basic act iv i t ies that are performed during 0EC0N are also performed during deferred
decontami nat i  on.

The cos t  o f  de fer red  decontaminat ion  o f  TMI -2  a f te r  the  p lan t  has  been p laced ' in  sa fe  s to rage and
main ta ined fo r  some per iod  o f ' con t inu ing  care  can be  es t imated  us ing  the  cos t  resu l ts  repor ted ' in
the  re fe rence s tud ies . l r3  These resu l ts  a re  summar ized in  Tab le  U.28 .
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Table U.28. Comparison of DECQN and Deferred Decontaminat ion Costs
from Reference Decommi ssioning Studies

PWR Study BWR Study

Decommi ssioning Activity
Cost      %

(S mギ11村Ons)
of DECON

Cost

Cost
( $  m i l l i o n s )

of DECON

Cost

Deferred decontamination after
L0-30 years

Defemed decontamination after
50-100 years

29.Oa,c

22.5b'C'

81

61

85

66

35.5e

26.4e

aFrom Table 10。
1-l of Rさ ference l.

bcost for factllty denolttion ls deleted, S6.41 冊 1`1うOn + 25% contingency = S8.01 mllllon.

cF"or Table 10.4-1 of Reference 1.
dF"or Tab' le 10.1- l  of  Reference 3.
"From Table LO.4-2 of Reference 3.

The percentages of 0EC0N cost for deferred decontamination after 10 to 30 years and after 50 to
100 years, f iom the reference studies, are averaged and used to est imate the cost of  deferred
deco-ntaminat ion for Tl , l I -2,  based on the DEC0N cost est imateo in Sect ion U.3.5 of this statement.
These est imated costs for deferred decontaminat ion of TMI-2 are given in Table U.29.

Radiat ion doses and radionucl ide neleases during decommissioning are related to the radionucl ide
inventory in the faci l i ty at  the t ime the decommissioning act iv i t ies_lqk" p1ace. The doses and
releases from defenred dlcontaminat ion would be less than those tor DEC0N (est imated previously
in  Sec t ion  U.3 .4  o f  th is  s ta tement )  because:  (1 )  the  rad ionuc l ide  inventory  in  the  fac i l i t y
would be reduced by the decontaminat ion efforts associated with the preoarat ions for cont inuing
care and (2) the r idionucl ide inventory would decl ine during cont inuing care according to the
decay charai ter ist ics of the inventory. Since the radioact iv i ty or the dominant Cs-137 wi l l  have
on l /decayed to  one-ha l f  i t s  in i t ia l -  va lue  a f te r  30  years  o f  sa fe  s to rage,  the  u t ' i l i za t ion  o f
perionnel unfamil iar with the faci l i ty and the refurbishment of systems and services needed for
tne  f ina l  decontaminat ion  w i l l  resu l t  in  rad ia t ion  doses  to  the  workers  on ly  s l igh t ly  less  than
were est imated for DECON. Some reduct ions in rart iat ion could be expected after 100 years of safe
storage, since the Cs-137 radioact i 'v i ty would have decaye! to about one-tenth of i ts in i t ia l
va lue ]  I t  i s  assumed tha t  app l i cab le  sh ie ld ing  and contaminat ion  cont ro l  i s  used dur ing  de fer red
decontaminat ion in the same nanner as during DEC0N. No quant i tat ive est imates are made here for
the doses and re' leases from deferred decontaminat ion. However,  based on the results of previous
s tud ies l '3  i t  i s  an t ic ipa ted  tha t  the  dosbs  and re leases  resu l t ing  f rom a l l  phases  o f  SAFST0R
(preparat ions for SAFSTOR, cont jnujng care, and deferred decontaminat ion would not exceed those
result ing from 0EC0N alone.

Table U.29. Comparison of DECQN and Deferred Decontaminat ion Costs
for TMI-2

Decommi ssioni ng Act iv i tY
% 8:s!SCON Cost in Milllons of

Mid-1980 Dollars

DECON

Deferred decontaminat ion after
10-30 years

Deferred decontaminat ion after '
50-100 years

100

83

52.8

43.8

33.3

aAveraged f rom va lues  in  Tab ler  U '28 .

63
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U.5 ENT0l.lBl,lENT (ENT0l.lB)

ENTol,lB means.to encase and maintain property in b strong and structurally lo-ng-liv-ed material

G:g.;  ionirete) to assure retent ion lnt i t  r iOtoait iv i ty-decays to a,n unrestr icted level-18 For

itrij inatysis, it is assumed that entombment takes plaie within that portion of the containment
oui ioing 

-uetow 
the f loor at the 305-f t  level and wi l t r in the cavi t ies enclnseo uy ! t1e D-r ing and_

uiofogiEai shield structure. These areas are alrear ly reasonably wel l  enclosed within structural ly
stron! concrete walls and/or floors, and can be compJetely enclose_d with nominal effort. Access

to thE containment bui lding via the air locks locat6{ on the 305-f t  level must be maintained to
p"* i t  Uringing in radioacf ive mater ials for placemeit  a; td,  ul t imate' ly,  structural  mater ials for

the entombm6nt-barr iers.  The remainder of t i re faci l \ ty ;s decontaminated +o levels permit t ing

unrestricted use of the space, with al'l radioactive {aterials removed and eithen p'laced within
the entombment structure or itrippea offsite for dispbsa'|. A reinforced-concrete entombment
barrier is then poured at the Sdi-tt floon level of ihb containment bui'lding and at the tops of
the shielded cavi t ies in the D-r ing structure. 

i

A1l penetrations through the containment walj into the entombment structure area are capped and
f i l l ;d with concrete. The containment-bui lding air locks are used to move contaminated mater ials
from other bui ldings into the containment bui lding for placement in the entombment structure-
t fhen the entombment- is completed, the larger air loCk is sealed, and the smal ler air lock is securely
locked and f i t ted with an intrusion-alarm-device. (The sma' l ler air lock remains operab' le to al low
entry into the containment bui lding for inspect ion purposes during the cont inuing care of the
"nto"rU"O plant.)  The uppen port ion of the containment bui lding serves as a secondary barr ier
over the top of the entombment structure.

I f  the radioact iv i ty entombed at the si te includes signi f icant levels of long-l ived ne-utron
ac t iva t ion  produc ts - (e .g . ,  N i -59  w i th  an  80 ,000-year  ha l f - ' l i fe  and Nb-994 w i th  a  20 ,000-year
half- l i fe) is are present in the reactor vessel and internals,  the required retent ion period may
be exceedingly ton'g ( i .e. ,  tens of thousands of years or more),  depenoing on the acceptable
release t imit i  for residual radioact iv i ty.  This impl ies that the entombment structure must
remain inviolable for extensive periods of t ime. There is current ly no reasonable assurance of
such long-term integri ty for manlmade structures of this kind. In addit ion, ENT0MB wi l l  l ikely
requ i re  Ion t inuat ion  o f the  u t i l i t y ' s  nuc lear  l i cense (and the  assoc ia ted  f inanc ia l  and surve i l -
tance commi tments )  in  perpe tu i ty ,  un less  e i ther  the  long-1 ived rad ioac t iv i t y  i s  removed-  in i t ' i a1 ly
or the entombment structure is 

-reopened 
(at some later t ine) and the mater ials stored inside are

disposed of of fs i te.  The 
' lat ter 

case involves an addit jonal decommissjoning step, de-ferred
deeontaminat ion, that is compl icated by the necessity to break into and remove radioact ive mate-
r ials fnom a structure designed to ret i in i ts integri ty under any but the most severe condit ions.

In effect,  ENTO|4B creates a permanent onsite waste repository unless ei ther deferred decontami-
na t ion  u1 [ imate ly  takes  p lace  or  a l1  long- l i ved  rad ionuc ' l ides  are  in i t ia ]1y  removed,  in  wh ich
case ENT0MB st i l l  represents long-term onsite storage of s igni f jcant quant i t ies of rad' ioact ive
mater ials ( long-term meaning beyond the normal operat ing l i fet ime of a power reactor,  which' is
about 30 years).

As discussed previously in this : tatement,  al ternat ives that involve permanent waste d' isposal
ons i te  a t  TMI  appear  {o  be  ne i ther  techn ica l l y  feas ib le  nor  compat ib le  w i th  cur ren t  na t jona ' l
po l i c ies  anC reg j r i la to ry  gu ide l ines  fo r  rad ioac t ive  waste  d ' i sposa1.  I t  i s  un ' l i ke ly  tha t  TMI  cou ld
be qua l i f ied  fo r  perminent , t i sposa l  o f  e i ther  h igh- leve l  o r  low- leve l  was tes  because o f  such
factors as nearby populat ion densit ies and hydro' logy. (See Chapter 3 of this statement for
further detai ls on these factors.)

i t  i s  the  s ta f f ' s  pos i t ion  tha t  TMI  shou ld  no t  become a  permanent  waste  repos i to ry  s i te .  Hence,
al ternat ives involving temporary onsite waste storage that would great ly increase the effort
required for subsequent removal and offs i te storage are regarded by the staff  as unacceptable.

Based on the aforementjoned considerat ions and constraints,  ENT0MB appears to be an unacceptable
alternat ive for the decommissioning of Tt4I-2. I t  should also be noted that '  the costs for ENT0MB'
inc lud ing  the  requ i red  expend i tu res  fo r  con t inu i -ng  care  and de fer red  decontaminat ion ,  a re  s imi la r
to  those fo r  DECSN.  Qvera l l  ( inc lud ing  cont jnu ing  care  and de femed decontaminat ion) ,  ENT0MB is
a more di f f icul t  and t ime-consuming a' l ternat ive. I t  thus appears that ENT0MB, as compared to
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The major differences
bu i ld ing .  Ac t iv i t ies
t i ves .
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between activities for ENT0MB and those for DEC0N are in the containment
in othen pontions of the plant are essentially the same for both alterna-

U.5.1.1 Conta innent  Bui ld ing

ENTOI4B requires renoval of all radioactive materials outside of the postulated entombment'structure'
Therefore, ENT0l,lB activities in the containment building outside of the entembment structure area
ane the same as the corresponding DECON activit ies (described previously in Section U.3.1.1)
except that only some of the resulting radioactive wastes requine packagi-ng for- offsite. shipment
and the remainiig wastes are placed inliOe the entombment structure. DECON activities inside the
entombment struelure area ar6 deleted and rep'laced by unique ENTOHB activities. Piping that
penetrates the postulated entombment structure is cut off at all points of penetration and the
bpenings are seir led with welded steel plates. In addit ion, other piping and equipment that_ may.
iilpede-the movement of radioactive matdrials into the entombment structure is removed and p-laced
in-a more convenient location in the structure. Addit ional hatchways are cut through the f loor
at the 305-ft level to facilitate the movement of materials into the area. After the eniombment
structure is f i l led with radioactive materials, al l  penetrations through the structure (e.9.,
piping penetrations, hatchways, and stairwel ' ls) are sealed with cast-in-place reinforced concrete.
ttrL t6pi of the cavit ies in i tr6 D-ring shield i tructure are a' lso sea' led. After comp'let ion of the
entombinent structure, appropriate security and surveil lance systems are instal led in the decontami-
nated upper port ion 6t the tontainment building, and al l  ut i l i t ies not required qur!1g continuing
eare arb'distonnected. Then, the larger air- lock is sealed and the smaller one is f i t ted with an
intrusion alarm and locked. Continuing care of the entombment structure comnences at this point.

Total person-hours and exposure hours associated with ENT0tlB activit ies are postu' lated to be the
same ai for DECON (226,160 and 110,300, respectively).

U .5 .1 .2  Aux i i i a r y  and  Fue l  Hand l i ng  Bu i l d ing

ENTOI4B activit ies in the AFHB are essential ly the same as those for DEC0N (Section U.3.1.2). The
major difference is that only some of the fadioactive material removed. is packa_ged and. sh'ipped
ofisite for disposal; the neinainder is moved to the containment building.for p' lacement in the
entombment struiture.- Tota'l person-hours and exposure hours are postulated to be the same as for
DECON.

U.5 .1 .3  O the r  Bu i l d ings

ENTOMB activit ies in the other TMI-2 buildings are postulated to be
as descr ibed in  Seet ion U=3.1.3.  Tota l  person-hours and exposure
same as for DECON.

U.5.2 Waste Volumes from ENT0MB

the same as those for DEC0N,
hours are assumed to be the

The volumes of radioactive material originating outside the postu' lated entombment structure and
requir ing either placement in the entomibment structure or s-hipment offsite for- dispo_sa1 are
esdimatei from th6se shown previously for DECON in Table U.6. The f irst four i tems for DEC0N
(reaitor vessel with head and internais, RCS equipment, steam generators,.and activated concrete)
dr ig inate ins ide the entombment  boundaiy  and do 'not -app1y here.  Contaminated.equipment  (not
incTuding the s team generators and the-RCS pumps,  p ip ing,_and pressur izen)  and m' isce l laneous
radwastes are assumea"to be essential ly the 6amd for 6oth alternatives. Tle percentage_of contami-
nated concrete from DEC$N origina+ing butside of the entombment boundary, derjved from Tables G.4-4
and G.4-5 of Reference 1, is Estinrated to be t89%. The result ing volumes of radioactjve material
generated during ENTOMB are summarized jn Table U.30.

gnlv part of the radioactive waste arising from ENT0MB can be placed in the entombment structure;
ine"r l i t  requi res packaging and sh ipment  of ts i te  for  d isposa ' | ._  Based on in format ion presented ' in
Reference tSj. t tre free iol lme avajlhble for ento'nbment in the D-r ' ing shjeld structure is estimated
io Oe i lZ,+90 tt". Addit ional entombment volume estimated to be available below the 305-ft level
i ioo"  7{72.q,720 f ts .  Thus,- the to ta l  vo lume avai lab le for  entombment  of  rad joact jve mater ia ls
at TMI-2 is lbout 297,200 ft l .  Because of the variety of shapes and sizes of both the volume
available within the entombment structure and the contaminated matenials to be stored there, as
*" i l  i i  the d j f f icu l ty  in  p lac ing mater ia ls  in  some por t ions of  the s t ructure,  a  vo lume -ut i l izat jon
.i i j . i"niv- oi jnX is issunied. T-herefore,_ up to. 148,600 fts of the radioacti.ve waste. originat, ing
outside t-he entombment structure can Oe ptaieO inside, reducing the volume that requires packag'ing
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Table U。30.  Estimated Volumes
Artsing from ENTOM8

ヽ

Radioactive Waste
TMI。2

ｆ

ｆ

０

０

Component
Fraction of Volume

for DEC0N
Estinated BurSal

Vol ume (ft3)

Contaminated concrete
Contami nated equipment
l'li scel I aneous radwaste

Total

0989

1.00

1.00

393,700

127,200

22,000

542,900

for offsite shipment and disposal to 394,300 ft3. This apport ionment of the wastes result ing
from ENTOMB of TMI-2 is summarized in Table U.31.

It should be noted that not al1 of the waste originating outside the entombment boundary is
readily amenable to placement in the entombnent structure. Large equipment i tems present part ic-
ular problems in this regard. Thus, care must be taken in apport ioning the part icular i tems to
maximize worker eff iciency and minimize radiation doses associated with equipment disassembly and
handl i  ng.

U.5.3 Ef f luents and Releases to  the Envi ronment

Dur ing ENT0MB, as dur ing DEC0N (Sect ion U.3.3) ,  the atmospher ic  re lease of  rad ionucl ides is
assumed to be the only source of radiation to the public fron routine decommissioning operations.
(Eff luents and releases from waste transportation activit ies are discussed separate' ly in Chapter 9
of this statement.) Ai i  l iquid radioactive wastes generated during decommissioning are assumed
to be sent to the plant l iquid waste storage system or to other tanks designated for temporary
storage of these solutions. The wastes are then assumed to be processed through the waste concen-
tration and solidif ication system. All  systems designed to control the release of hazardous
materia' l  to the environment on to noncontaminated port ions of the faci l i ty are assumed to. be
operating during the decontamination activit ies and subsequent waste processing, to minimize'the
potential impacts of these activit ies.

The primary sources of radioactive eff luents from routine decommissioning operations are the
release of contaminated l iquid aerosols during decontamination, the release of contamjnated
vaporized metal during equipment nemoval, and the rele:se of contaminated concrete dust during
decontamination or removal of concrete structures.

Based on an analysis of the generation of airborne radioactivity during DEC0N operations at a
large Pl ' lR, given in Appendix J of Reference 1, a summary of the results of such an anaiysis for
ENTO!,|B is piesented in Table U.32. The releases postulated here do not include releases from
possib le acc idents involv ing t ranspor t  o f  spent  reactor  fue l  f rom the s i te  to  a d isposal  fac i l i ty .
From Table U.6, the total contaminated e_quipment removed during DEC0N (including the RCS. equipment
and the steam.qenerators) is 154,000 fts rvhi le, from Table U.30, the total removed for ENTOMB is
L27,2OO fts. The releases for segmenting contaminated equipment during ENT0MB are thus n83% of
those given in the reference for 0EC0N. 

' fhe 
releases during removal_of contaminated concrete in

the reference study are based on 6912 fts of concrete t"emoved (see Table G.4-4 of Reference I),
as compared to an- estimated 393,700 ft3 postulated to be removed for ENT0MB of TMI-2 (see
Table U.30). Thus, the release reported in the reference is adjusted b'y a factor of t57 to
account for the differing volumes of concrete considered. The rest of the releases t 'eported in
Table U.32 are drawn directly from the rc:ference because the operations considered are the same
for either DEC0N or ENTOMB. The composit ions of the reference inventories of radionuclides
considered in  the analys is  were presented prev ious ly  jn  Tables U.8 through U.11.

|‐、■i ti■ |  ■ i■t■=li=ユ ■■■‐二i.tよ ■すよiiよi ti■ 卜iそこ.■i■ 十■、■=|.■ せ=.t士 =とよと=こ ■ti主キ=表 とと1をニユ遂=ぶ 十■と轟
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Table U.31.  Apporttonment of Radioactfve Waste

Artsttng from ENTOMB of THI-2

Component
Estimated Burttal

Volume (ft3)

Total  waste or iginat ing
outside entombnent
boundary

l{aste entombed onsite

Waste packaged and shipped
offsi te for disposal

542,9004

148,600

394,300

aFrom Table U.30.

Table U.32.  Postulated

Radギoactttvity tO
Durギng ENTOMB

Releases of Airborne
the Environment
Operat i  ons

ENTOMB

Operation

Reference

R]|↓
:骨せ81jge

Airborne

Release

(HCi)

Segmenting contaminated
equipment

Contaminated concrete
removal

Water - je t  c lean ing

５

　

５

5

0,0014

9 . 8

aThe reference radヽ
ollucl ide

Section U,3.3.
i nventor ies  a re  p resented  in



U.5。4  Environhental lmpacts
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associated with ENTOI.IB of a nuclear power reactor are contained in
the radiation dose to the workers involved, the radiation dose to the
of disposal space in a low-level waste burial ground. The impacts
each of these categories are discussed in the fol lowing sections.

モ‖igttn苫:|:‖]intSte38:]:::
publlc, and the fo品冊Stment
assoctated w:th ttNTOMB for

l

U.5.4.1 Estimatedr 0ccupational Radiation Doses from ENTOMB Activit ies

The radiation dose lccumulated by the workers performing ENT0MB activit ies is estimated by mult i-
plying the atrerage \ local radiation dose rate 

' for 
a givin plant area t imes the number of 

-worker

exposure hours esti{ated for that area, and summing over*,t.he entire project. The average local
9og9 rates 1'or gene\al areas in the containment building"and the AFH building are given in
Table U.33. Also gi\en in the table are cumulative expoiure hours for persons"workir ig in those
general arcas, taken {rom Section U.5.1, the computed cumulative dose to-the workers a-complishing
tasks in those areas, lnd the estimated total radiation dose received by workers whi ' le performing-
ENT0I' |B activit ies. Wdpker exposure hours in the various areas outside the containment building-
are assumed to be the {ame for ENT0MB as for DEC0N. For the containment building, i t  is assumed
that only half as much Exposure t ime is required at the 282-ft level for ENTOMB as compared with
DECON, with proport iona\V more t ime at the 305-ft level to make up the difference.

The estimated dose receiied by the transportation workers durjng the transport of packaged radio-
active wastes, based on \,qn assumed realjst ic dose rate for each shipment as given in Sec-
t ion 9.5.1.1 (55 mi ' l ' l i rem/t r ip /dr iver) ,  is  g iven in  Table U.34.  The 6st imatedlose received by
ra i lway vrorkers dur ing the l t ranspor t  o f  the spent  reactor  fue l ,  as der ived ' in  Sect ion U.3.4.1 fbr
DECON, is  a lso g iven in  the tab le.

U.5.4.2 Of fs i te  Doses f rom fNT0MB Act iv i t ies
!

The dose estimates presented\, here for ENT0MB decommissioning operations are based on the source
terms descr ibed in  Sect ion Uj ,5 .4,  Table U.32,  and on the assumpt ion that  the decommiss ioning
activit ies take place 10 yearb after the TMI-2 accident. The calculational models used to make
these estimates and the interpretation of their results are described in Appendix f, l .  The sign' i-
f icance of  these doses and the i r  human heal th  and envi ronmenta l  conseouences are d iscussedln
Sect ion 10.3.  The est imated doses to  the maximum exposed ind iv idual  a ie  l is ted in  Table U.35.
The 50-mile total body populati \on dose received by the human population during these activit ies
is estimated to be 6 x 10-s person-rems.

The estimated radiation dose to i the pub'l ic result ing from transport of radioactive material
o f fs i te  is  presented in  Table U.36 for  both t ruck and ra i l  t ranspor t .

U. 5.4. 3 Other Envi ronmental Effects

0ther  impacts on the envi ronment  sumounding TMI resul t ing f rom ENT0MB of  Unj t  2  wj l l  be s imj lar
to  those d iscussed in  Sect ion 10.6,  but  o f  lesser  magni tude because there wi l l  be fewer workers
involved in ENT0MB and because gross contamjnation cleanup efforts wil l  have been completed
before the start of decommission' ing.

I t  is  ant ic ipated that  the decommiss ioning of  Uni t  2  would reduce the level  o f  anx iety  and psycho-
log ica l  s t ress among local  res idents-

Comp' le t ion of  decommiss ioning wi l l  reduce the number of  persons employed at  the TMI s ' i te ,  thus
reducing the local  payro l l ,  a t  least  temporar i ly .

U.5.5 Est imated Costs for  ENT0MB

The pr inc ipa l  cost  i tems for  ENTOMB are labor ,  waste d ' isposal ,  spent  fue l  d isposal ,  and energy.
0 the r  cos ts  i nc lude  spec ia l  equ ipmen t ,  spec ia l i t y  con t rac to rs , ' l i cens i f t g  and  i nsu rance ,  and
miscel laneous suppl ies.  The costs  presented here are based largely  on those for  DECON, presented
prev ious ly  in  Sect ion U.3.5.  Addi t ional  in format ion used to est imated costs  is  drawn f rom Sec-
t ion 4 of  Reference 2.  The costs  for  ENT0i4B are summar ized in  Table U.37.  wi th  d iscuss ' ions of
the pr inc ipa)  cost  i tems presented in  the fo l lowing sect ions.
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Table U.33. Estimated Cumulative Radiation Doses Received
by l{orkers During ENTOI'|B 0perations

Operation
Area

Average Cumulative
Local Worker Exposure Radiation

Dose Rate Hours in the Dose
(mrem/hr) Area (person-rem)

ContaSnment Bu1ld→ ng

347-ft level

305'ft level

282‐ft level

AFH Bu村 ldtt ng

All levels

Other Bulldings

All levels

Tctal

～5

5‐10

30

2

2

47,600

43,900

18,800

106,800

18,000

240

220

564

213

35

1,272

Table U.34.  Est imated Cumulat ive Radiat ion Doses
Received by Transport Workers During

ENTOMB Operations

Cumul at i  ve
l , lorker Dose/Shipment Number of Radjat ion Dose
Type (mrem/driver) Shipments (person-rem)

8 4 . 6 4

6 . 2 4

91

oArrm", two drivers/truck, two brakemen/train.

Truck drivers 56
Train crew 120

Total

755

26



Table U.35.  0ose
from Normal

Ur56

Esttmates to the
Decommlsslonlng

Maximum-Exposed Individual
Activit ies (ENT0I4B)

Dose (mrem)a

Locati on Pathway TotallBody Li  ver

Ne3:景
8とnb

Nearest
m i l k  goa t

Nearest cow
and garden

2.6 X 10-7
6。9 X 10-7
1.3 X 10-5

1.4 X 10-5

1.7 X 10-7
6.6 X 10-7
7.6 X 10-5

7.7 X 10-5

2.9 X 10-7
1.O X 10-6
1.9 X 10-5

2.8 X 10‐ 5

4.8 X 10-5

aOoses were calculated for Tota' l-body, GI-tract, bone, 1iver, kidney,
thyroid, lung and skin. The maximum three organ dsses are l isted in this
tab1e. Doses were calculated for four age groups: adults, teenagers,
chi ldren, and infants. The h' ighest dose estimates for each age group are
l isted. The dose estimates for the total-body pathway are for adults.
The dose estimates for the bone and l iver pathways for the nearest garden
and nearest cow and garden locations are for chi ldren, and for the nearest
goat location are for infants.

bThe basis for selecting the special locations is described in Appendix l . l .
The actual  locat ions are:  nearest  garden = 1.05 mi le  east -nor th-east ,
neanest  mi ' lk  goat  =L.02 mj le  nor th,  and nearest  cow and garden = 1.05
mi le  eas t .

Tab le  U.36 .  Es t imated Cumula t ive  Rad ia t ion  Dose
Rece ived by  the  Pub l ic  Dur ing  Transpor t

of l,lastes from ENTOMB

I  nhal at i  on
Ground Shine
Vegetable Use

Total

I nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I nha'l ati on
Ground Shine
Vegetable Use
Cow l4i lk Use

Total

1.4 X 10-7
6.9 X 10‐ 7

3.2 X 10-6

4.3 X 10口 6

1.2 X 10。 7

6.6 X 10-7

8.4 X 10-6

9.2 X 10-6

1.5 X 10-7
1.O X 10-6
4.6 X 10-6

3。l X 10'6

8.9 X 10-6

3.l X 10-7
6.9 X 10。 7

1.4 X 10-5

1.5 X 10。 5

1.7 X 10-7
6.6 X 10-7

6.5 X 10-5

6.6 X 10。 5

3.4 X 10-7
1.O X 10-6
2.O X 10-5

2.4 X 10-5

4.5 X 10-5

Type of Shipment
Number of
Shi pments

Dose/Shi pment
(person- rem)

Cumulative
Public

Radiation Dose

(perSOn―rem)

Radi oacti ve
mater ia l  ( t ruck)

Spent reactor
fue l  ( ra i l )

Total

755 0.  0534

0 . 0 2 9 3 b

40.0

0.76

41

a B a s e d  o n  d a t a  g i v e n  i n  S e c t i o n  9 . 5 . 1 . 2 .
bBased on  da ta  g iven in  Sec t ion  11 .4 .1  o f  Reference 1 .



Table U.37. Summary of Estimated Costs for ENT0ilB

Categony
Cost in 皿 111lons of
Mid-1980 Dollars

Decommissiggng labon

Di nect--

Support
Radwaste disposal

Spent fuel shipment

Energy
Other costs

Suppl ies

Equipment

Contractors
Nucl earinsurance

Licensing fees

Subtota'l

25% contingency

Total

Annual continuing care costs

7.196

8.923

8.503

2.496

4.620

1.820

0。960

0.510

0.940

0。050

36.018

9.004

45,020

0.040

U.5.5.1 Decommiss ioning Labor  Costs

Labor cost estimates for ENToMB are developed based on the person-hour_lgtqls presented.jn Sec-
t ion U.5.1 and the labor  cost  assumpt ions used in  Sect jon U.3.5.1 for  DEC0N. The d i rect  decom-
* is i ion ing crew hours and the resul t ing ' labor  costs  are summar ized in  Table U.38.

U.5.5.2 Radioact ive Waste Disposal  Costs

The radioactive materials requir ing offsite disposal during ENT0MB of TMI-2 cons' ist of surface-
i l i . t imi r " teO.quiprent  and cbncrefe and miscel ianeous radwaste (e.9y. ,  f i l ters ,  ion exchange
; ; ; i ; ; ;  ; ; i la i i ie l  rad io ic t ive f lu jds,  and.  combust ib le  wastes) .  Est imates of  the costs  for
a i ipo i ing of  these maier ia ls  are summir ized jn  Table U.39,  based on the d isposa ' l  cost -est imates
ano'airr"mptions giu"n ior DEC0N in Section U.3.5.2 and on the waste volumes from EIITOMB given

orev ious lv  in  Sei t ion U.S.2.  A l l  o f  the n iscel laneous radwastes are assumed to be sh ipped of f -
! i ; ; .-- i ; '"dJit- i*, *7io of the contaminated equipment and concrete g_e_nerated outside the entomb-
meni structure js Lssumeo to be shipped offsit6, 

' for 
a total of 394,300 ft3 of waste disposed of

o f f s i t e  ( see  Tab le  U .31 ) .

U .5 .5 .3  Spen t  Fue l  D isPosa l  Cos ts

Spent fuel disposa'l  costs are the same for ENTOMB as for DECON. The total cost for spent fuel
o l i p o r " i  i s  E z . s  m i l l i o n ,  a s  d e r i v e d  p r e v i o u s l y  i n  S e c t i o n  U . 3 . 5 . 3 .

U.  5.  5 .4 EnergY Costs

Enerqv costs  for  ENTOMB are assumed tc ,  be the same as those for  DECON, or  $4.62 mi l f ion,  as
Uer i i 6O p rev ious l y  i n  Sec t j on  U .3 .5 .4 .
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Table U.38.  Esttmated Labor Costs for ENTOMB

Activlty

Labor Cost in
M i l l i o n s  o f  D o l l a r s

Direct Crew Hours Direct Crew Total

Containment butlding

All others

Tctal

200,816

2749996

475,8112

3.036

4.160

7.196

6.803

9.318

16.119

Table U。 39,  Estlmated Costs for Offsギ te Disposal of Radギ oactive Wastes from ENTOMB

Burial

Radi oacti ve
Materi al 」|‖:需[nt:  C°[::igerR:Ri告lb  Tr88:::どt  l景:!3を]g  V!lせ轡; Chargese    :8:忌

1

/
′

F

Contami nated
equ i  pment

Contami nateo
concrete
Mi scel I  aneous
radwastes

Tota'l

334,170     -

1,033,530     -

92,500     -

2,035,000     -

790,830   1,217,500

2,448,180   5,516,710

212,872   1,769,272

3,4519882   8,503,482

25

550

180

755

90,900

281,400

151,800  324,000  1,026,000   54,600    22,000

1,419,400  324,000  3,153,500   54,600   394,300

"Assures cask l iner  cost  o f  $800,  LSA box cost  o f  $470,  spec ' ia l  conta iner  cost  o f  $6000/box.
bArrrr"u rental fee of $300/day and a 6-day cycle for each shipment.
cAssumes a transport cost of $5700/round tr ip, $3700/one-way.
dAssumed to average $350/cask 1 iner ,  overweight  ob jects  @ $87.50 + (0.02/1b >10,000 lb) .
eAssumes bur ia l  charges of  $8.7A/ f#,  l iner  and cur ie  surcharges as g ' iven in  current  NEC0
pr i ce  1  i s t .
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U.5.5.5 Other  Costs

Other cost i tems include miscellaneous supplies, special equipment, specialty contractors, nuc' lear
insurance, and l icensing fees. '  I t  is assumed for ENTOI4B, as i t  was in Section U.3.5.5 for 0EC0N,
that the iosts of these-items as presented in Reference 2, when escalated by LH, are appropriate
for the TMI-2 analysis. Based on Table 4.5-l of Reference 2 and TabJe 10.3-1 of Reference 3,
these items are esi imated to be $1.82, $0.96, $0.51, $0.94, and $0.05 mil iqion, respectively.

Continuing care, involving surveil lance and maintenance of the entombment structure, is-estimated
to cost a-bout $40,000 annual'ly (see p. 4-10 of Reference 2 and p. 10-15 of Reference 3). Thu,s,
for example, a continuing care period of 100 years would add about $4 mil l ion to the cost of
T1'II-2 ENTOIIB.

U.5.6 Deferred Decontamination

As discussed previously in Section U.5, deferred decontamination must fol low ENT0i4B if  i t  becomes
desirable to terminate the.nuclear l icense of the faci l i ty. This deferred decontamination fol low-
ing ENTOMB, though not analyzed here in detai l ,  is anticipated to be an extensive Proiect.
Al[hough there i i  less radioactive material to remove from the plant (because of some offsite
disposil  during the init ial phase of ENT0MB) and this remaining radioactive material is consoli-
datgd in a relatively smalI iort ion of the faci l i ty, the operation is complicated by the necessity
to preak into the entombment structure (designed to retain its integrity under any but the most
sevbre condit ions) and remove the mone-or-less randomly placed radioactive materials stored
inside. Therefore, the costs for deferred decontamination fol ' lowing ENT0MB are anticipated to be
similar to those fon deferred decontamination for SAFSTOR (see p. 2-L4 of Reference 3), given'
prev ious ly  in  Sect ion U.4.8.

The radiation doses and radioactive releases associated with defemed decontamination are expected
to decrease with the entombment time in accordance with the radioactive decay of the entombed
materia]s. However, i t  should be noted that (1) the dcses and releases associated with segmenti.ng
and removing the neutron-activated materials, 'avoided during the init ial phase of ENT0I4B' wu"rld
certainly be encountered during defenred decontamination and (2) these doses and releases wil l
not deciine signif icantly aftei about the f irst 100 years of entombment because of the long-
half- l ives assotiated wiln tne remaining activation proi lucts (see Figure 7.4-1 of R.eference 1).
Thus, the overal l  total doses and releases for ENTOMB and:deferred decontamination are antjcipated
to be only a l i t t le less than those for DEC0N alone. Fui. lhermore, any__s-avings -in_doses and
releases iesu'lting from ENTOI4B could be more reasonab'ly achi'eved by SAFST0_R_, particular'ly. because
SAFST0R invo1ves l impler, less t ime-consuming procedures and, lower overal l  costs than ENT0MB.
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APPENDIX V. ASSESSTIENT 0F GR0UN0WATER LIQUID PATHIdAY FR0lil TEAKAGE 0F
' . : CONTAINI,IENT WATER AT THREE I,IILE ISLAI{D, UNIT 2

The staff has conservatively estimated the concentrations of radioactivity that wou'ld occur in

the Susquehanna River from the leakage of radioact ive water in the reactor bui lding.

The Unit  2 reactor bui lding has appnoximately 700,000 gal lons of radioact ively contaminated water

on the basement f loor (reactor bui lding sump water).  Major quant i t ies of t r i t ium (0.95 pCi, /ml),

Cs-137 (163 pCi/ml),  Cs-134 (24VCi/nL) and Sr-90 (2.6L pCi lmL) are dissolved in this water.  The
postulated accident is a breach of containment that al lows part  of  this contaninated water to
escape to the ground.

The reactor bui ' ld ing water level was 290 f t  MSL in Apri l  1980, as shown in Figure V.1. The cor-
responding gnoundwater level was 285 ft MSL. Under these circumstances, the maximum water loss

would be less than two-thirds of the 700,000 gal ' lons. The water table f luctuates under the

inf luence of r iver stage and rainfal l ,  however.  For the purposes of this computat ion, the staff
assumed that 470,000 gallons of the water was lost to the gnoundwater.

V.1 RELEASE iIECHANISt,I

There  is  no  rea l i s t i c  mechan ism tha t  wou ld  resu l t  in  re lease o f  la rge  quant i t ies  o f  + .he  rad io -

act ive water to the environment.  For the purposes of this study, i t  was arbi trar i ly and conser-

vat ively assumed for the transport  of  Sr-90 and Cs-137 that water released from the reactor

bui lding by a non-mechanist ic crack fai lure would seep into the ground over an area equal to that

o f  the  en t i re  reac ton  i ru i ld ing  f loor .  The range o f  permeab i l i t y  va lue t . fo r  the  sur f j c ia l  so i l s

was 10-2 to 10-3 cm/s.1 0n the basis of these conservat ive assumptions, the staff  est imated that

i t  would take from 0.25 to 2.5 days for al l  the 470,000 gal lons of water to seep away. A more

rea l i s t i c  seepage na te  wou ld  be  much smal le r  than th is  and wou ld  be  l im i ted  by  the  s ize  o f  the

crack in the containment.  The natural  water table has a measured slope jn the direct ion of the

r iver of about 0.006.1 The staff  est imated that the travel t ime under normal ly occurr ing water

table condit ions would range from 350 days to 7050 days. The true groundwater travel t ime is

almost certainly longer than the minimum, horvever,  for the fol lowing reasonsi 
- . . - ._,-

,at-'

1. The actual gradient is probably smal ler than that reported during gordtruct ion of i .he

si te because much of the natural  land surface is now covered with ' impermeab' le concrete

and is  a lso  we l i  d ra ined;  and

v-1
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2. A travel time sf 350 days would require a recharge to the water table of about 50 per-

cent of al l  nain fal l ing onto the land. Typical  groundwater recharge would be only a

few percent of the rainfal l  af ter evapotranspirat ion and runoff  in a wel l -graded area.

The released contaminated water would recharge the water tab1e, creating a local groundwater

' ,mound,,  which would perturb normal f low. The effect of  the 470,000-gal lon volume of contaminated

water on the water table would be substant ial ,  but of  short  durat ion. I t  is possible to demon-

strate by way of an example that the perturbation of flow in the water table can be neglected for

the most impontant radionucl ides, Sr-90 and Cs-137, which have large l iquid pathway dose factors

and rel  at i  ve' ly l  ong ha' l f  - l  j  ves.

Because of sorpt ion of radionucl ides on the soi l ,  t ransport  of  sorbed radionucl ides from the

reactor contajnment to the r iver would take a minjmum of tens of years. In a ten-year period,

the quant i ty of groundwaten f lowing direct ly under the reactor bui lding under the assumpt ' ions

used to calculated 350-day groundwater t ime would be approximately 1.5 x 10? gal ' lons, as compared

to  the  0 .47  x  106 ga l lons  in  the  reac tor  bu i ld ing .  The water  in  the  reac tor  bu i l c l ing  cou ld ,

therefore, provide only a few percent,  at  most,  of  the water necessary to transport  sorbed radio-

nuc l ides  to  the  r i ver .  Rad ionuc l ides  tha t  a re  no t  sorbed,  no tab ly  t r i t ium,  wou ld  be  s ign j f i can t ly

affected by the perturbat ion in groundwater f1ow, however.

Transport  in the grcundwater would take place through the unconsol idated mater ial  and weathered

bedrock  under ly ing  the  s i te .  The unconso l ida ted  mater ia l  i s  sand,  s i1 t ,  and grave l .  The bedrock

is  red  s i l t s tone.  A l though there  is  ev idence o f  some f rac tu r jng  o f  the  bedrock  under  the  s i te ,

i t  i s  v i r tua l l y  imposs ib le  to  contaminate  groundwater  un i ts  o ther  than the  water  tab le  s ince  they

are under artesian pressure. Leakage from the artesjan aquifer would be in the outward direct jon

o n l y . 2

There were apparent ly no chemica] analyses performed on these mater ials that would indicate to

what extent the radionucl ides in the contaminated water would be retarded. L' i terature values of

re ta rda t ion  are  no t  re l iab le  fo r  r 'ea l i s t i c  assessments ,  and fo r  lack  o f  f ie ld  da ta ,  conserva t ive

values have been chosen. Field and laboratory data have been cornpi led for sorpt ' ion on a number

o f  so i l s  and rocks .s  The lowest  sorp t ion  coef f i c ien t ,  Kd ,  fo r  unconso l ida ted  mater ia l  repor ted

is  1 .4  ml /g  fo r  s t ron t ium and 22  nL /g  fo r  ces ium in  quar tz  sand.  Va lues  fo r  s i l t s tone and a l lu -

v ia l  mater ia ls  such as  tha t  a t  the  TMI  s i te  wou ld  be  expec ted  to  be  h igher .  bu t  the  above low

va lues  are  chosen fo r  conserva t ism.

The re ta rda t ion  coef f i c ien t ,  wh ich  is  re la ted  to  Ko,  i s  the  ra t io  o f  the  speed a t  wh ich  the

groundwater  moves re la t i ve  to  the  speed o f  the  sorbed subs tance,  and is  a lways  grea ter  than or

equal to 1:

R d = 1 * o ' ! '

当弟
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where p is the density (g/ml) of  the medium and n is the total  porosi ty.  I f  a typical  density of
2.0 g/mL and a total  porosi ty of 0.15 are chosen, RO is 24 for stront ium and 294 for cesium.

V.2  TRANSPORT MODEL FOR 30RBED RAD10NUCLIDES

A simple transport model is proposed to calculate the f lux of sorbed radioactivity to the river.
Consider the conservative situation wherein the 470,000 gallons of reactor building sump water
seeps into the water table over an area the size of the f loor of the building. If  the seepage
occuffed quickly conpared to the movement of the natural water, then the concentration profi le in
the water table would resemble the rectangular pulse shown in Figure V.2(a).* As the csntamination
was eluted by the f lowing groundwater, the front and back end of the square pulse would become
rounded by d i f fus ion and d ispers ion as shown in  par ts  (b)  and (c)  o f  F igure 2.  Dispers ion in  the
unconsolidated al ' luvial deposits may be too small to diminish the concentration in the center of
the pulse s ign i f icant ly  ( the bases for  th is  conclus ion are g iven in  Sec.  V.5 of  th is  appendix) .
It  is, therefore, conservatively assumed that the concentration in the center of the pulse remains
the same as when it  was f irst released except that i t  is reduced to account for radioactive
decay.

The pulse f lows into the Susquehanna River at a rate determined by the groundwater f low rate, the
retardation coeff icient, and the decay coeff icient:

F l u x = & e x p (
cRo

_ AxR,
_" ) curies/day

u

source term of the radionuclide, curies (2/3 of contaminated water)
' length 

of the pulse, ft

groundwater velocity, f t /day

retardation coeff icient

decay coefficient, day-l = 
ffi

= the distance from the leading edge of the pulse to the river.

where M

I

= the

〓 the

= theu

Rd
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xFor computational expediency, i t  is assumed jn the model
water enters groundwater jnstantaneously. The result ing
would not  be h igh ly  sensi t ive to  the rate of  leakage i f
term is not taken into account.

that  the leaked reactor  bu j ld ing sump
concentrat jons in  the Susquehanna Riven

interdict ion by removal of the source
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Figure V.2.  E ' lu t ion of  Radionuc ' l ides.

For the present example, the parameters chosen are given below:

Parameter Sr-90 Cs-137

M, curles

Rd

t七' years

2, feet

u, ft/day

x, ft

4610

24

29

150

1 . 7

600

2.88 x 105

294

30.1

150

■.7

600

The max imum f luxes  o f  Sr -90  and Cs-137 ca lcu la ted  are  1 .25  and 0 .016 C ' i lday ,  respec t ive ly .  The
leading edge of the pulse would reach the r iver in 23 years for Sr-90 and 284 years for Cs-137.

By the t ime the radionucl ides reach the r iver,  radioact ive decay wi l l  have reduced the Sr-90 to
2560 Ci and the Cs-137 to 416 Ci.

V.3 TRANSPORT OF TRITIUM

Unl ike  the  Sr -90  and Cs-137,  the  f lux  o f  t r i t ium jn to  the  Susquehanna R jver  wou ld  depend to  a
degree on  the  f low induced in  the  groundwater  by  the  la rge  vo lume o f  the  sp i l1 .  The f lux  o f

TIHle=0
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t r i t ium is  es t imated  by  assuming tha t  the  d isso lved rad ioac t iv i t y  i s  re leased to  the  water  tab le
from an instantaneous point source. The circ le of contaminated water displaces fresh water in
the water table with no mixing. The contaminated water then moves with the ambient veloci ty of
thb groundwater towards the Susquehanna River,  carrying with i t  the dissolved tr i t ium, but leaving
sorbed nuc l ides  beh ind .  Deta i l s  o f  th is  mode l  a re  g iven in  Sec t ion  V.6  o f  th is  append ix .

The max imum f lux  o f  t r i t ium is  es t imated  to  be  1 .9  x  10-4  C i ls  in to  the  Susquehanna R iver .

V.4 SURFACE WATER DILUTION

The ne lease o f  Sr -90  and Cs-137 to  the  Susquehanna R iver  wou ld  cont jnue over  a  long per iod  i f
le f t  unchecked.  S ince  doses  are  usua l ly  ca lcu la ted  over  a  per iod  o f  a t  leas t  one year ,  the
logical  choice of a stream f low would be the reciprocal mean f low of 12,600 cubic feet per second
( the  der iva t ion  o f  th is  va1ue is  d iscussed in  Sec .  3 .4 .1 ) .  A l l  downst ream dr ink ing  water  users
on the Susquehanna River are located far enough downstream that total  mixing of the eff luent
across the channel would be expected. Travel t ime to downstream users would be negl igible compared
to that of  the groundwater pathway. The peak radionucl ide concentrat jons in the Susquehanna
River  based on  the  annua l  average f low wou ld  be  4 .05  x  10-8  pCi /mL fo r  Sr -90 ,  5 .1  x  10-10  pCi lmL
for  Cs-137,  and 5 .2  x  10-7  pCi /mL fo r  t r i t ium.  Fur thermore ,  the  peaks  o f  these th ree  rad ionu-
c l ides  wou ld  occur  a t  d i f fe ren t  t imes because o f  sorp t ion .  Max imum permiss ib le  concent ra t ions
(MPC) for unrestr icted dr inking water from 10 CFR Part 20 are 3 x 10-? pC' i /ml for Sr-90,
2  x  10-s  pCi lmL fo r  Cs-137 and 3  x  10-3  pCi lm l  fo r  t r i t ium.  The ca lcu la ted  r i ver  concent ra t ions
are thus orders of magnitude below MPC.

Af te r  the  in i t ia l  de lay ,  Sr -90  and Cs-137 wou ld  cont inue to  be  re1eased over  per iods  o f  about  8 .5
and 140 years, respect ively,  al though at a reduced rate once the peak concentrat ion has subsided.
The maximum average concentrat ion over a one-year period for the purpose of computing an annual
dose commi tment  wou ld  be  c lose  to  the  peak  concent ra t ions  fo r  these two nuc l ides .  A l l  o f  the
t r i t ium wou ld  be  re leased over  a  130-day  per iod  (a f te r  a  de lay  o f  350 days) ,  so  the  annua l  average
concent ra t ion  shou ld  be  based on  the  quant i t y  re leased.  In  th is  case,  about  2300 C ' i  wou ld  be
re leased to  the  r i ver .  The annua l  average concent ra t ion  o f  t r i t ium in  d r ink ing  water  wou ld  be
about  1 .3  x  10-7  pCi /ml .

l i l inor amounts of Cs-137 would be expected 'bo become attached (sorbed) to suspended and bottom
sed iments ,  espec ia l l y  beh ind  the  dams on the  r i ver .  Th is  wou ld  par t ia l15  c leanse the .water
co lumn o f  Cs-137,  wh i le  inc reas ing  the  exposure  to  bo t tom dwel ' l ' i ng  o rgan isms and aquat ic  l i fe
feeding on them. These phenomena would be expected to have only a minor effect on dose and are
neg ' lec ted  in  the  present  ana lys is .

As  descr ibed in  Append ix  E ,  a l l  spec ies  o f  f i sh  in  York  Haven Pond exh ib i t  movement  ups t ream,
downst ream,  and across  the  channe l ,  so  they 'wou ld  be  exposed to  an  average concent ra t ion  ra ther
than the  concent ra t ion  a t  a  s ing le  po in t  i r r  the  channe l .  S ta f f  p rac t ice  fo r  ca lcu la t ing  the
h ighes t  f i sh  exposure  is  to  use  the  average concent ra t ion  w ' i th in  l /4  n i le  o f  the  po in t  o f  re lease.

エニ≧      そ つ 襲 欝 靱 観 寵 議 議 議 ノ キ 畿 議 畿 ム 凱 べ
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1n this case, the 1/4-nlle average would be the concentrat村 on ttn the nttddle channel of the Susque―

hanna Rttver slnce the effluent first flows into thtts channel.  The flow ギn the middle channel is

estinlated to be about 25 percent of the total river flow.  The concentratlons for arⅢ nual dose

commltments for fヽ sh consumption are, therefore, four tSmes greater than those used for the

drSnking water, namely l.6 X 10-7 Pct/mL for Sr-90, 2.l X 10-9 PCヽ /mと for Cs-137, and

7.5 卜 10-7 口ci/mL fo■ lrittum.

V.5  DISPERS10N FROM AN AREA SOURCE

The concentrattton in an aqutfer downgradヽ ent of an tnstantaneous nondecayttng source strength of

l curle has been shown to be:

c i  =  *  x  ( x , r )  y  ( y , t )  z  ( z , t )  ( c i l f r s )
n"nd

where  na  is  the  e f fec t i ve  poros i ty ,  and X,  Y ,  and Z  are  the  Green 's  func t ions  in  the  x ,  y ,  and z

d i rec t ions ,  respec t ive iy .a  The Green 's  func t ' ions  descr ibe  the  spread ing  in  the i r  respec t ive

icoordinate direct ions and are independent of each other.

The X Green 's  func t ion  descr ibes  spread ing  in  the  x  d i rec t ion ,  wh ich  in  th is  case is  t ,he  d i rec-

t ion of f low for the groundwater.  For an area source of length I  in the djrect ion of f low as

s h o w n  i n  F i g u r e  V . 2 :

( x 十
を

) ~ (X‐を)~端ｕｔ
丁
粕

X =フ
, t erf

-  e r f (Vl)
v 4Dxt/Rd v 4Dxt/Rd

is  the distance from the center of the source,

is  the  length  o f  the  source ,  f t

is the groundwater veloci ty,  f t /day

is  t ime,  days

is  the  d ispers ion  coef f i c ien t ,  f t2 /day

is  the  re ta rda t ion  coef f i c ien t

is  the  er ro r  func t ' ion .

As the center  o f  the pulse reaches the r iver  in  F igure V.2:
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Equation (V1) reduces to:

1
x = ;  erf  (arg) (v3)

v

where ang = 9/2

f;frqxfi
I f  we pos tu la te  tha t  long i tud ina l  d ispers ion  is  un impor tan t  in  d in r in ish ing  the  concent ra t ion  o f

the  pu lse ,  then the  func t iona l  dependence o f  X  on  D*  and t  i s  zero  or  smal l .  Such a  cond i t ion  is

met by:

e r f  (a rg)  c lose  to  1 .0 .

As a cr i ter ion for specify ing that dispersion has less than a 5 percent effect on the concentra-

t ion at the center of the pulse we may state:

e r f  ( a r g )  :  0 . 9 5 .

The er ro r  func t ion  is  a  monoton ica l l y  inc reas ing  func t ion  tha t  approaches un i ty .  For  a rg  =  1 .38 ,

er f  (a rg)  =  0 .95 ,  o r  w i th in  5  percent  o f  un i ty .  There fore :

The d ispers ion  coef f i c ien t  i s  re la ted  to  ve loc i ty  in  the  x  d i rec t ion :

D * = d u ,

where  D is  the  d ispers iv i t y ,  f t .

Therefore equat ion (V4) reduces to:

arg 〓

  論

ユ 1・38

2/2  > 1.38

v 4 αx

Or 告
景 と 30.5

(V4)

(V5)

(V6)

A typ ica l  d ispers iv ' i t y  in  unconso l ida ted  sand wou ld  be  o  =  0 .3  f t .5  For  the

TMI  case ,  =  
I0  

f t . ,  x  =  600 f t .  There fore ,  $  =  L25,  wh ich  is  g rea ter  than 30 .5 .  Even' ofx
o 2

i f  a  =  1 .0  fee t ,  fu  
=  37 .5 .  l , le  must ,  there fore  conc lude tha t ]ong i tud ina l  d ispers ion

cou ld  have less  than a  5  percent  e f fec t  on  d imin ish ing  the  max imum groundwater  conCent ra t jon

at the TMI si te.



V.6 FLUX OF TRITIU}I FRO}I INITIAL SPILL*

The volume of water that leaks into the water table wil l  alter the water 
' level 

and induce f low of
i ts own. This. f low wil l  carry disso' lved radionuclides, especial ly those such as tr i t ium which
are not easily sorbed.

In an isotropic, homogeneous aquifer of inf inite lateral extent and of constant thickness, the

horizontal flow of groundwater can be estimated by the partial differential equation:6

(V7)

h is  the p iezometr ic  level ,  f t ,

F is the transmissivity = tt2/day,

re is the effective porosity,

k is the permeabil i ty, f t lday,
h is  the th ickness of  the aqui fer ,  f t ,
t  is  t ime,  days,

and x and y are the coordinates, ft .

A conservative model of this induced f low assumes that the water is instantaneously injected at a
point  in to a cont inuous,  isot ropic  medium of  in f in i te  extent  as shown in  F igure V.3.  By analogy

to the transport of the heat from a l ine source in an inf inite cyl inder? the water surface eleva-

t ion h can be predicted as a function of t ime:

where

.  o  .  1 2 ,n = ; F $ e x p ( - 4 i f i )  ( v 8 )

Q is lhe quantity of water injected, ft3,

r  is - ' the radia l  d is tance of  a  g iven point  f rom the point  ( *o *  u t ,  Vo) ,
moving with the pore velocity u, where (xo, Vo) is the point of groundwater

re l  ease,
and the other terms are as previously defined.

This  equat ion is  correct  on ly  for  conf ined aqui fers  where the th ickness of  the saturated layer

does not  vary.  In  the present  s i tuat ion,  the aqui fer  js  unconf ined,  so is  a iso the p iezometr ic

level .  Some error  wi ' l l  be in t roduced,  especia l ly  fo . 'shor t  t ' imes and d js tances c ' lose to  the

point  o f  re lease.

*Thjs ana'lysis was performed for 100% of the reactor building sump water voiume escaping. The
f lux of  t r i t ium would be approx imate ly  t ;wo- th i rds of  the va lue presented here.
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ta)Plan View

River

tb)Crott Sectionai View

Contaminald Water

Figure V.3. Spread of Contarninated l , later f rom Large Vo1ume Rel eases.

In the reference

groundwater pore

Ur〓  ―

conserva t ive  assumpt ion  is  made tha t  con taminated  water  w i l l  exac t ly  d isp lace  f resh  wate t '

aqu i fe r ,  the  rad ius  o f  the  c i rc le  o f  con taminated  water  w i l l  g row a t  the  rad ia l  ve l r rc i t r

plane of  the center  o f  the spreading mound,  which is

velocity u, the f low is away from the center at radial

^, i l  k/n. = Q\r ' ;  
,  e*p ( 'r2/qgt)

et  =  
8 I In " 'F ' t '

隷  eXp (~r2/4β

t)dt

moving  w i th  the  ambien t

v e l o c i t V  U " :

(V9)
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Equation (V10) is solved by numerical  integnat ion.

var i  abl  es:

t = l
,2

Which yields the equat ion

o

r = -f Q*r4 
, .*p (r2.2/4F) dz

I 4rn"-F-

,2

The integrat ion takes place in the reverse direct ion,
condit ion for z = 0 for the radius is the maximum

where

r ( t = ' ) = J t b

For the present case, the parameters for Equatlon (V13)are:

Q = 93583 ft3★

k = 28 ft/day

H = 25 ft

ne = 0・ 1

β = kH/ne   7000.

The :"adius of the circ ' le for the present case as a funct ion of

The expanding circ le travels with the ambieht pore veloci ty.  The

jnto an intersect ing r iver can be approximated by the integral

Fl ux = 2 } (H + h)une Ce~え
tdy, curies/day

O

Integrat ion is facll月 taとed by a change of

.      (Vll)

(V12)

=  0 ,  t  =  co The ttnitial

(V13)

t ime is  shown in  F ' igure  V l4 .
' ,

f lux  o f  con taminant  (cur ies / f ts )

(V14)

s ince  a t  z

２

え

　

　

Ｙ

is the decay

2  , 2= r - L

coeff i  c i  ent i n  2= 高
石〒千-life  '

* I t  i s  now assumed tha t  on ly  2 /3  o r  about .  62 ,40O cub ic  fee t  (470,000 ga l lons)  w i l l  escape.
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Arymptoto
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O = 93584ft3
H =  25 f t
K = 28ft/dqy
ne = 0.1

Figure V.4.  Radius of  Contaminant  Ci rc le  vs T ' ime.
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L = x o - u t ,

h  is  def ined by Equat ion (V.8) ,  and

C = activity concentration, Cilml.

This integral rnay be evaluated ana'lyt ical ly:

Fl ux = e―えt u ne c t 2HY + ―
,予i:iF予景言 exp ( ~ 4青モー )erf ( 再営E ) 〕

For the present  case,  C = 0.95 pCi lml

Equat ion (V15)  is  shown in  F igure V.5.

(V15)

a n d  h a l f - l i f e  =  1 2 . 3 3

Sinee the travel t ime

years . '  The f lux  ca lcu la ted  f rom

for the contami nated water wi ' l  I  be
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Time - Days

古
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ョ
Ｅ

O ‐ 9 3 5 8 4  f t
H = 2 5 ■
ヤ ‐ 28 ft′dEy
n e _ 0 . 1

C =0.05″ Ci/mi T,1付um

F' igure V.5.  F l  ux of  Tr i t ium in to River .

hundreds of  days in  th is  case,  i t  is

reached maximum radius at the r i t ,er.

Flux (max) = 2Hr(max) u n. C exP

where

+  _ xumax - 
f.

For the present case,

ft

ft/day

PCギ/mL.

safe to say that the circle of

The approprtate maxlmum flux is

(―え tmax)

contami nat i  on

therefore

has near' ly

(V16)
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The maximum f lux of t r i t ium is therefore

F lux  (max)  =  2 .8  x  10- {  C i l s , *

which is in close agreement with the more precise Equat ion (V15).
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APPENDIX W.  CALCULAT10N MODELS AND PARAMETERS USED IN ESTIMATING DOSES,
AND INTERPRETAT10N OF MODEL RESULTS                 タ

ギ.l  ATMOSPHERIC RELEASES

The calculatSonal methods used to estttmate doses from atmospheric releases due to routine decon―
taminatヽon or accidental atmospheric releases are those described ヽ n Regulatory Guide l.109.  The

computer code whギ ch the NRC staff uses whSch contains these methods ギ s designated GASPAR and its

use ts descrfbed ギ n the ・8useras Guide to GASPAR Code,・ ・ NRC report NUREC-0597.  Regulatory Guide

l.109 models are approprtate for short―term releases wギth certaSn minor adsuStments in apPllcs―
tion and parameter values, even though the models were originally developed for normally operating

reactors (10ngoterm releases).  TheSe adjustments and the parametric values used in the code are
descrtち ed below.

It was assumed the perlod of ttme over whギ ch an indヽ v:dual consumes contaminated food was one

year and that the releases occurred uniformly over this period of a yearo  This modeling approach
is realistic for the normal decontamination program because most of the releases will be made

over faモ rly long time periods (3 months to over l year), hence, the assumption of uniform annual

release rate is reasonable.

It is useful to apply the uniform annual release rate assumption to short― term releases, as well

as long― term releases, and the principal difference is in how tho results are interpreted.  The

short―term accidental release requSres spectal interpretation for two reasons.  In the first

place, 村 t is impossible to predict meteorological conditions at the time of an accident, and

second, ギ t is impOss号 ble to predict the season during which an acc肯 dent nlay occur.  As a resu]t

it ls also imposslble to predtct vegetable garden production, or cow Pasture use (aVerage annual
ratit, cf vegetable production and cow pasture use wore assumed)。   For normal releases, the correct

→nterpretation of the results is that they describe the expected maximt,m doses that actually w111

occur offsite.  These represent maximum values because locations are also chosen that will result
肯n hギghest doses.  On the other hand, for the short― term release,(1)the Wind could be in some

other direction where the doses would likely be smaller,(2)whateVer the direction of the wind,

the actual atmospheric dispersion could be very different from the average value in that d→ !=4-

ticn, and/or (3)there may or may not be cows on pasture or garden production, deperldi n巧  on

season and wind directlon.  The most important uncertainty in the accident ca]cu'ltion 19 the
inabillty to predict the actual meteorologltal conditions and, thus, dispersion dど rⅢⅢど 、脅 ュcCident.

For this reason, the hourly atmospherヽ c disperslcn parameter valは es for the location resulting in

highest doses are used,  This means the resu]ts for accidents should be lnterpreted as worst
locatギon expected values, rather than worst location actual values.  The uncertainty in the
Yalues that could occur is discussed below.  Tab]e Wal lists the tab]es of Regulatory Guヽ de l.109

where model lnput parameters and problem specific Parameters tthich were used in the calculations
can be found.

The atmospheric disperslon parameters that were used are described below and were selected to

assure that calculated dose3 0Verestimate potential actual ones.  The value used for the nearest

residence and garden calculatiorl was not selected on the b35iS Of the actual nearest residence/

揺∬
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*Loca t i ons  o f  ga rdens ,  cows ,  and  goa ts  we re taken  f rom the  Th ree  M ' i l e  I s l and  Nuc lea r  S ta t i on

Rad io log i ca l  Env i ronmen ta l  Mon i to : ' i ng  P rog ram Annua l  Repo r t  f o r  1979 .
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Tab' le t{ .1.  Table Numbers of Regulatory Guide 1.109 where Input
Parameters Can Be Found, and Problem-Specif ic

Parameters Used in the PEIS

Parameter TabIe Numbers

Usage factors for maxlmum exposed 肯 ndividual

External dose factors

Dose converslon factors

Other parameters

Problem― and Stte口Spec,fic Parameters:

period of lo高g―term butldup

Fracttton of year vegetables taken from garden

Fraction of year cows on pasture

Fraction of year beef on pasture

Fract oヽn of year goats on pasture

E-5

E-6

E-7 through E-14

E-15

Value

l.O year

O 。5

0 . 5

1 , 0

1.0

Fbr populattton dose estimates, the population projected for the year 2010 was used.  It was
conservattvely assumed that all mキ lk, meat, and vegetables consumed by this population was produced

within the 50-mlle radius.  Product'on rates were assumed to be untform within the 50-mile radius,
and consumpt村on rates were those of Table E-4 of Regulatory Guide l,109.

The availab村 lity of an onsite meteorological measurement program provides a real time source of

informatton to assess the consequence of radicactive gaseous releases due to TMI‐ 2 cleanup activ―

Sties.  Two approaches for evaluating release dispersion were takenf  The first represents a
continuous release from the plant, which, although it may be less than l year.s duration, can be

identifled by the annual long― term average relative concentration that affects the surroundings,

The second represents a short durattton release evaluation which may be used to represent an

accident such as a ftre or f1lter faヽ lure, both of which are of short duration.

3oth the long― term (contlnuOus release) and the short― term release assessment mode13 determine

the relatlve concentrattton of radioactive gaseous effluents (x/Q)aS S function of dietance from
the release point, based on atmospher'c stability, wギ nd speed, and w有nd direction.  The meteoro―

log cヽal models incorporate the release height and building wake influence in a manner that maxl―
mttzes the x/Q at grOund level and thus the possible dose for a receptcr at the point of interesi.
The lonc―term analysis method ls described in Regulatory Cuide l.111 こ ほd the short―term method is

descrlbed ギn Regulatory CuSde l.145.

:::i驚
u;Pcモ

h:f温糾劇踏札獣総唱胡替品IFtt hil器対解
r逮
群野堺宅縫塩温撃督

~

針培略補 叫屯gs七路盟
討
特献樹撚母紅:瑞科械 隠】鞘 l鮮盟 堤札簿iFradloactivity ttn a plume at short downwinid distal

器F辞押描i轡私盤瀞弘経捕貯電撚:薔祐綜j機雅甜部品毘粋亀る電_to 10,0, with the Gaussヽ an plume model use!d for e

nuclides.

In complex wooded terrain conditiじ ns, sucil as around TMI, the Gaussian ttodel for short― term

releases overestimates the concentrations under poor diffusion condition3 0f Stable atmosphere

and low wind speeds when compared to actual measurements.  The amount of overestimation may range

from 50-500 times the value observed.  An「 lual average re]ease evaluations have been shown gener―

ally to be withtn a factor of two to four for regional distances (out tO about ■ 00 km)depending

on the teri aヽln conditions.

≧



tt-3

The relat ive concentrat ions given in Tables l { .2 through W.6 below ref lect
that the wind blew towards the point of interest and are based on onsite
period 1971 through 1975.

Table W.2 l ists the special  locat ions for which maximum individual dose caiculat ions are made.
Atmosphenic dispersion parameters for normal releases and for accident release are I isted in the
tab le .

TabIe }J.2. Locat ions for Maximum Exposed Individual Dose Calculat ion and
Atmospheric Dispersion Parameters

the analysis for t imes
data col lected in the

Dispersion Parameters

Locati on
x/Q

( s / m 3 )

x/Q (decayed)
( s / m 3 )

x/Q (dec7普ラ|こ;epleted)
D/Q

( m。2 )

Routttne Releases

Nearest garden

(ENE, 1,05 m1le)

Nearest mllk goat

(N, 1.02 mile)

Nearest garden and
milk cow

(E, 1.05 mヽle)

AccSdent Releases

Nearest garden

(ENE, 1.05 mile)

Nearest milk goat

(N, 1.02 mlle)

Nearest garden end

milk cow

(E, 1.05 mile)

■.93 X 10-6

1.74 X 10-6

2.13 X 10-6

2.9 × 10-5

2.9 × ■0-5

1.88 X 10‐ 6

1.71 X 10'6

2.08 X 10-6

1.67 X 10-6

1,51 X 10‐ 6

1.84 X 10-6

3.22 X 10口 9

3.10 X 10-9

4.74 X 10-9

x 10_7

ン
タ
10_7

1.9

９

′
′

工
　
／

2.O X 10-5 1.9 ×  10-7

The method used for c ietermining the accident relat ive depos' i t ion rate assumed, at the t ime of the
re lease,  100% of  the  e f f luen t  went  to  the  receptor  loca t ion  dur ing  the  en t i re  re lease.  The
depos i t ' i on  ana lys is  uses  a  method descr ibed in  Regu ' la to ry  Gu ide  1 .111.  No decay  va lues  fo r  the
acc ident  X /Q ar !  p rov ided s jnce  e f f luen t  mov ' ing  a t  0 .5  meters  per  second (1 .1  mph)  wou ld  take
less  than 1-hour  to  reach the  neares t  loca t ions  and l i t t le  decay  wou ld  have taken p ' lace .

Tab les  1 ,1 .3  tnnough l , J .6  l i s t  the  a tmospher ic  d ispers ion  parameters  fo r  each sec tor  e lement  used to
make the  popu la t lon  dose ca lcu la t ions  fo r  normal  a tmospher ic  re leases .  Popu la t ion  dose ca lcu la -
t ions are not made for accidental  atmospherr ic releases.

W.2 RELEASES TO Ti{E RIVER

The ca lcu la t iona l  methods  used to  es t imate  doses  f rom rou t ine  decontaminat ion  l iqu id  re leases  or
acc jdenta l  l iqu id  re leases  are  those descr ibed in  Regu ' la to ry  Gu jde  1109.  The computer  code
whjch  t ,he  NRC s ta f f  uses  tha t  con ta ins  these methods  is  des ignated  LADTAP and i t s  use  is  descr ibed
in  the  , 'User 's  Manua l  fo r  LADTAP- i I , "  NRC repor t  NUREGICR-127t i .  Regu la to ry  Gu ide  1 .109 mode ls
are  appropr ia ie  fo r  shor t - te rm re leases  w1th  cer ta in  minor  ad jus tments  in  app l i ca t ion  and parameter
va lues ' ,  even though the  mode ls  were  or ig ina l l y  deve loped fo r  normal  opera t ing  reac to . rs  (1ong- te rm

re leases) .  These-ad jus tments  and the  parameter  va lues  used jn  the  code are  descr jbed be low.
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The same assumptions were made for the l iquid releases as were made for the gaseous releases
described above regarding consumption rates during releases of radioact iv i ty.  Thus, the calcu-
lat ions result  in est imates of the average expected value, rather than the al tual  vaiue, part icu-
lar ly fon very short- term releases.

Table l r .1 l ists the tables of Regulatory Guide 1.109 where model input parameters can be found.
0ther model paraqrelers which are part icular ly relevant to l iquid pathwayi are l isted in Table W.7.

Table t '1.7. Parameters Used in Maximum Individual
Dose Calcu lat ions and Dose to Biota

Calcu lat ion for  L iqu id Pathways

Parameter Val ue

Adul t  f ish consumpt ion
Adult water consumption
River  f low at  f ish locat ion for

doses to humans

River f low at nearest water intake
for dose to humans

River  f low for  dose to  f ishes
in  r i ve r

21 kg/yr

730 kg/yr

3150 ft3/s

12,600 ft3/s

12,600 ft3/s

The r iver f low used for the computat ion of maximum individual doses from f ish consumption is
based on the average f low in the center channel of  the r iver where the releases are made. 100%
mixing is assumed, not because 100% is expected to occur,  but because as described in Appendix E,
Sec t ion  E.1 ,  a1 I  spec ies  o f  f i sh  in  the  area  exh ib i t  cons iderab le  movement ,  espec ia l ' l y  over  the
t ime required to bioaccumulate radjonucl ides (several  days).  The r iver f low used for the compu-
tat ion of the maximum individual dose from water consumption is based on the average f low in the
ent ire r iver.  100% mixing is expected by the t ime the eff luent reaches the f i rst  downstream
dr ink ing  water  in take  because i t  i s  16  mi les  downr iver  f rom the  d ischarge po in t .

F o r  p o p u l a t i o n  d o s e  c a l c u l a t i o n s ,  i t  w a s  a s s u m e d  t h a t  2 . 2  m i l l i o n  p e o p ' l e ' l i v e  j n  t h e  5 0 - m i l e
radius around Three l4i le Is land and they get al l  their  dr jnking water from the nearest downstream
munic ipa l  water  in take .  Th is  assumpt ' ion  is  very  conserva t ive ,  s ince  the  ac tua l  popu la t ion  drawing
water from nearby downstream locat ions would not be expected to approach this f igure for many
years .  The dose f rom spor t  f i sh  consumpt ion  was based on  the  number  o f  f j sh ' ing  f i censes  issued
in the four count ies downstream of TML Approximately 50,000 are issued per year.  To est imate
the f ish consumption populat ion dose i t  was assumed that each angler caught ten pounds of f ish
per  year  o f  wh ich  th ree  pounds cons is ted  o f  ed ib le  f i sh  f lesh  (see page 6 ,  Append ix  i I I  o f  the
TMI Environmental  Report ,  1971).  I t  was assumed that the downstream shorel ine, swimming ancl boat-
ing  use  was 83 ,000 hours  per  year ,  120,000 hours  per  year ,  and 520,000 hours  per  year ,  respec-
t ively.  Populat ion dose est imates from al l  pathways were based on an assumed r iver f low of
L2 ,600 f l s /s  and un i fo rm re lease o f  rad ionuc l ides  over  a  per iod  o f  one year .
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APPENDIX Y.  SCHEDULED MEETINGS FOR DISCuSsloN OF TMI-2 CLEANUP DRAFT
PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT (■ 980)

September 3 Publ ic Meeting -  State Educat ion Dept. ,  Forum Auditor ium (Harr isburg,
Pa. )

September 5 Susquehanna River Basin (Harr isburg, Pa.)

September 16 l t leet ing with Iocal labor unions

September 17 t leet ing with Dauphin County Commissioners
Pub l ic  l4ee t ing  w i th  TMI  A le r t

September 18 Meeting with York County Commissioners
Publ ic Meeting with Against Nuclear Group Residents of York (ANGRY)
(York, Pa. )

September 19 Meeting with local members of c ' lergy (Middletown, Pa.)

September 22 NRC representat ive appeane( on cal l - in,  Radio Stat ion VIAHT, Fred l , l i l l iams
Show \
Meet ing  w i th  West  Shore  loca l  e lec ted  o f f i c ja ls  in  Camp Hi11 ,  Pa.

September  23  Meet ing  w i th  Eas t  Shore  loca l  e lec ted  o f f i c ia ls  (Midd le town,  Pa. )

September 25 Meeting with loca' l  labor unions in York area

September  27  Meet ing  w i th  Amer ican Assoc ia t ion  o f  Un ivers i ty  Women,  Read ing ,  Pa.

September 29 Meeting with Pa. Grange Associat ion

September 30 Meeting with Fr iends and Family of TMI
* P u b l i c  M e e t i n g  i n  A n n a p o l i s ,  M d .

0ctober 2 Area Chambers of Commerce (Harr jsburg, Pa. )
Meeting with Rota.ry in Middletown, Pa.

0ctober 6 xPubl ic Meet ' ing -  Lancaster,  Pa.

0ctober 7 i f ieet ing with the Pa. Farmers Associat ion in Camp Hi l l

October 8 xPubl ic Meeting with Newberry Township Steering Committee

October  20  *Pub l ic  Meet ing  w i th  Peop le  Aga ins t  Nuc lear  Energy  (PANE) ,  Midd leLown,  Pa.

0ctober" 23 *Meeting with Pa. Medical  Society

October 29 xPubl ic I ' leet ing -  Havre de Grace, Md.

October 31 Meet ' ing with Lebanon Val ley Chamber of Commerce

November 6 Meeting with Middletown Rotary Club

November  10  *Pub l ic  Meet ing  -  S ta te  Educat ion  Dept . ,  Forum Aud i to r ium (Har r isburg ,
Pa.  )

November  12  xPub l ic  Meet ing  o f  NRC TMI  Adv isory  Pane l

November 13 Meeting of Lancaster Jaycee's

November  17  xPub l ic  Meet ing  -  Ba l t imore

November  19  xPub l ic  Meet ing  -  M idd le town,  Pa.

，〓一″≡≡」ｈ一ュ
ｒ

xVerbat jm Transcripts Prepared.
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APPENDIX Z. HEALTH EFFECTS ESTIMATORS

In est imating the number of health effects result ing from both offs j te and occupat ional radiat ion
exposures Oui ing the cleanup, the NRC staff  used best est imate somatic (cancer) and genet ic r isk
es t imators  based on  w ide ly  accepted  sc ien t ' i f i c  jn fo rmat ion .  Spec i f i ca l l y ,  the  s ta f f ' s  es t imates
are based on information ccmpi led by the Nat ional Academy of Science's Advjsory Committee on the
Bio log ica l  E f fec ts  o f  Ion iz ing  Rad ia t ion  (BEIR) .1  A l though a  de ta i led  d iscuss ion  o f  the  l i te ra -
tu re  i va i lab le  on  th is  sub jec t  i s  ou ts ide  the  scope o f  th is  document ,  th is  append ix  inc ludes :
(1) information that detai ls the bases for hea' l ih effect est imators used by the NRC staff '  and
(2)  perspec t ive  on  the  uncer ta in ty  assoc ia ted  w i th  es t imat ing  rad ia t ion- induced hea l th  e f fec ts .

The base data used for the fatal  cancer r isk est imators (expressed as deaths per mi l l ion person-
rem) used by the NRC staff  can be found in Sect ion 9.3-2, "Upper Bound for Latent Cancer
Fata l i t ies , " -  in  the  NRC s ta f f ' s  [Reactor  Safe ty  S tudy ,  l . iASH-1400,  0c tober  !975.2  Spec i f i ca l l y ,
the  da ta  on  "Upper  Bound R isk  Coef f i c ien ts  fo r  La ten t  Cancer  Fa ta l i t ies , r r  Tab le  UI  9 '2 ,  fo r
spec i f i c  age groups  were  used.  Tab les  2 .1  th rough 2 .8  conta in ,  fo r  d i f fe ren t  cancer  t1pes ,  the
dg€,  spec i f i c  da ta  and ca lcu la t ions  wh ich ,  when summed in  Tab le  2 .9 ,  y ie ld  the  cancer  r i sk  es t i -
mitors used by the NRC staff  (131 and 135) deaths per mi l l ion person-rem for workers and indj-
vidua' l  members of the publ ic,  respect ively).  The WASH-1400 (0ctober 1975) coeff jc ients are based
o n  B E I R ,  1 9 7 2 ,  a n d  o n  n e w  d a t a  m a d e  a v a i l a b l e  s i n c e  t h e  i s s u a n c e  o f  B E I R , 1 9 7 2 .  T a b l e  2 . 1 0  i s
presented to provide perspect ive on the uncertainty involved in making est imates of rad' l  t t ion-
induced hea l th  e f fec ts .  The bas is  fo r  each o f  these es t imates  can be  found in  g rea ter  de ta i l  in
the l isted references.

The NRC s ta f f ' s  genet ic  r i sk  es t ' imator  (250 genet ic  e f fec ts  per  mi l l ion  to ta l -body  person- rem in
the future generat ions of the exposed populat ion) was derived from the 

. |972 
BEIR report .  r  Spe-

c i f i ca l l y ,  th is  va1ue can be  ca lcu la ted  by  summing the  geomet r ic  means o f  the  d is t r ibu t ions  g iven
in Table 4, Chapter V, of  that repor^r".  The geometr ic mean is an appropriate technique for obtain-
ing a representat ive value for the 1972 BEIR report 's range of 60 to 1500 genet ic effects per
mi l1 ion  person- rem.  The 1980 BEIR repor t  l i s ted  a  range o f  60  to  1100 genet ic  e f fec ts  in  o f f -
s p r i n g  p e r  m i l l i o n  p e r s o n - r e m . 3

The va lues  u t ' i l i zed  by  the  NRC s ta f f  fo r  es t i -
the  decontaminat ion  o f  TMI -2  a re  based on  w ide ly
range 8EIR,  1980,  r ' i sk  es t imators  were  used to

c leanup,  those hea l th  e f fec ts  wou ld  remain  sma ' l l
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"The Ef fec ts  on  Popu la t ions  o f  Exposure  to  Low-Leve ls  o f  Ion iz ing  Rad ia t ion , "  Nat iona l
Academy o f  Sc ience,  Adv isory  Commi 'L tee  on  the  B io log ica l  E f fec ts  o f  Ion iz ing  Rad ia t ion
(BEIR) ,  1980.

"Sources  and Ef fec ts  o f  Ion iz ing  Rad ia t ion , "  Un i ted  Nat ions  Sc ien t j f i c  Commi t tee  on  the
Effec.ts of Atomic Radiat ion (UNSCEAR), 1977 Report  to the General  Assembly, New York, NY,
L977.

In  summary ,  severa l  po in ts  shou ld  be  emphas ized.
mat ' ing potent ial  health effects associated with
accepted  sc ien t i f i c  in fo rmat ion .  Even i f  upper
character ize potent ial  health effects from the
compared to natural  incidence.
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Table 2.1. Calculat ion of Expected Leukemia Deaths for External Exposure

Age
Cohort

(years)

(A)

Fract ion of
Populat ion

(B)
Ltt fe

Expectancy

(yearS)

(c )
Latent-
Peri odo
(years )

( F )
Expected

Deaths

(F=ハXDXE)

(D)
Vears

at

Rtsk

( E )
Risk

Factor

(106/rem/year)

In utero

O-0.99

1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

80+

0.011

0,014

0。146

0.196

0.164

0.118

0。109

0.104

0.080

0.044

0,020

71.0

71,3

69.4

60.6

51.3

42.0

32.6

24.5

17.1

11.1

6 . 5

10

25

25

25

25

25

25

22.5

15.1

9 , 1

4 . 5

1.65

0.70

7 . 3

4 . 9

4.10

2.95

2.75

2.34

1.21

0。40

0.09

0

2

2

2

2

2

2

2

2

2

2

15

2

2

1

1

1

1

1

1

1

1

28.4 (23.Db

"The lat"nt per iod is that per iod of t ime between radiat ion exposure and the manifestat ion
of a cancer.

h-Values in parentheses represent r isk est imates for occupat ional workers (ages 20-70).  The
r isk  es t imator  (see  Tab le  2 .9 )  fo r  workers  inc ludes  cons idera t ion  o f  the  workers '  age
grouping (est imated between 20 and 70 years).  The offs j te populat ion est imator is based on
the  1970 U.S.  popu la t ion  age group d is t r ibu t ion .
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Table 2.2. Calculat ion of Expected Lung Cancer Deaths for External Exposure

Age
Cohort

(years )

(A)

Fract ion of
Popul at i  on

( B )
Li fe

Expectancy

(yearS)

rc )
; . . e n t -

Peri  odo
(years )

( D )
Years

at

Rtsk

( E )
R S s k

Factor

(106/rem/year)

(F)
Expected
Deaths

(F=A×DXE)

In utero

O-0.99

1-10

11‐20

21-30

31-40

41-50

51-60

61-70

71-80

80+

0.011

0.014

0.146

0,196

0。164

0.118

0.109

0。104

0.080

0.044

0.020

71.0

71.3

69。4

60.6

5■.3

42.0

32.6

24.5

17.1

11.1

6 . 5

30

30

27

17.6

9.5

2 . 1

0

0

15

15

15

15

15

15

15

15

1 . 3

1 . 3

1 . 3

1 . 3

1 . 3

1 . 3

1 . 3

1.3

7.64

6.40

4.14

2.49

1.28

0,22

0

0

22 .2  (25 .3 )b

oThe latent per iod is that per iod of t ime between radiat ion exposure and the manifestat ion
of a cancer.

li'Values in parentheses represent r iEk est imates for occupat ional workers (ages 20-70).  The
r isk  es t ina tor  (see  Tab le  2 .9 )  fo r  workers  inc ludes  cons jdera t ion  o f  the  workers '  age
group ing  (es t imated  be tween 20  and 70  years ) .  The o f fs i te  popu la t ion  es t ipa tor  i s  based on
the  1970 U.S.  popu la t io i ' r  age group d is t r ibu t ion .
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Table 2.3. Calculat jon of Expected Stomach Cancer Oeaths for External Exposure

Z。4

Age
Cohort

(years)

(A)

Fract ion of
Popul at i  on

(B)
Li fe

Expectancy

(yearS)

(c)
Latent-
Peri  odo
(years)

( E )
Risk

Factor

(106/rem/year)

(F)
ExPected

Deaths

(F=AXD× E)

(D)
Years

at

Risk

In utero

O-0.99

1‐10

11-20

21-30

31‐40

41-50

51-60

61-70

71-30

80+

0,011

0.014

0。146

0。196

04164

0.118

0。109

0。104

0.080

0.044

0.020

71.0

71,3

69.4

60.6

51.3

42,0

32.6

24.5

17.1

11.1

6 . 5

30

30

27

17.6

9 . 5

2.1

0

0

0 . 6

0 . 6

0 . 6

0 . 6

0 . 6

r 」. 6

0.6

0 . 6

3.53

2.95

1.91

1.15

0.59

0。10

0

0

15

15

15

15

15

15

15

15

10.2  (11,7)

"The latent per iod is that per iod of t ime betr leen radiat ion exposure and the manjfestat jon
of a cancer.

h"Va lues  in  paren theses  represent  r i sk  es t imates  fo r  occupat iona l  workers  (ages  20-70) .  The
r isk  es t imator  (see  Tab le  2 .9 )  fo r  workers  inc ludes  cous idera t ion  o f  the  workers '  age
group ing  (es t , imated  be tween 20  and 70  years ) .  The o f fs i te  popu la t io t r  es t imator  i s  based on
the  1970 U.S.  popu la t ion  age group d is t r jbu t ' ion .
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Table 2.5. Calculat ion of Expected Breast Cancer Deaths for External Exposure

Age
Cohort

(yeans )

(A)

Fract ion of
Popul at i  on

(B )
Li fe

Expectancy
(years )

(c)
Latent-
Per i  odo
(years )

( E )

F]:ittr
(106/rem/year)

(F)
Expected
Deaths

(F=AXDXE)

( D )
Years
at

Risk

Ｉｎ

一
utero

0口0.99

1-10

■1-20

21-30

31-40

41-50

51-60

61-70

71。80

80や

0.011

0.014

0。146

0.196

0.164

0.113

0,109

0。104

0.080

0.044

0.020

8.82

7.38

4.78

2.88

1.48

0。25

0

0

71.0

71.3

69.4

60.6

51.3

42.0

32.6

24.5

17.1

11.1

6 . 5

15

15

15

15

15

15

15

15

30

30

27

17.6

9 . 5

2 , 1

0

0

1 . 5

1 . 5

1 . 5

1 . 5

1 . 5

1 . 5

1 . 5

1 . 5

2s.6 (2s.Dc
"The latent per iod is that per iod of t ime between radiat ion exposure and the manifesbat jon
of a cancer.

h-Assumes 50 percent mortal i ty.
cV"lr" .  in parentheses represent r isk est imates for occupat ional workers (ages 20-70).  The

r isk  es t imator  (see  Tab le  2 .9 )  fo r  workers  inc ludes  cons ' idera t ion  o f  the  workers '  age
group ing  (es t imated  be tween 20  and 70  years ) .  The o f fs i te  popu la t ion  es t imator  i s  based on
the  1970 U.S.  popu la t ion  age group d js t r ibu t ion .
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Tab le  2 .6 .  Ca lcu la t ion  o f  Expec ted  BoneCancer Deaths for External Exposure

Z-7

ヽ
ヽ
ヽ

、
、
、

Age
Cohort

(years)

( A )

Fract ion of
Popu' lat i  on

(8)
Li fe

Expectancy

(yearS)

(c)
Latent-
Peri  odo
(years )

(D)
Years

at

Risk

(F)
Expected
Deaths

(F〓AXDXE)

( E )
Risk

Factor

(106/rem/year)

In utero

O-0.99

1-10

11-20

21-30

31-40

41-50

51‐60

61'70

71-80

80+

0.011

0,014

03146

0.196

0。164

0。118

0。109

0。104

0.080

0.044

0,02tl

71.0

71.3

69.4

60.6

51.3

42.0

32.6

24.5

17.1

11.1

6 . 5

30

30

30

30

30

22.6

14.5

7.1

1 . 1

0

10

10

10

10

10

10

10

10

10

10

0 , 4

0 . 4

0 , 4

0 . 2

0 . 2

0 . 2

0 。2

0。2

0。2

0 , 2

0。17

1,75

2.35

0.98

0.71

0。49

0。30

0,11

0,01

0

"The latent per iod is that per iod of t ime between radiat ion exposure and the manifestat ion \

o f  a  c a n c ' g r .  

r J  l r r q e  P s r  r v u  v r  
t . .

h-Values in parentheses represent r isk est imates for occupat ional workers (ages 20-70).  The
r isk  es t imator  (see  Tab lb  2 .9 )  fo r  workers  inc ludes  cons idera t ion  o f  the  workers '  age .
grouping (est imited between 20 and 70 years).  The offs i te popu' lat ion est imator is based on ir  r

i t re  tgZO U.S.  popu la t jon  age group d is t r ibu t ion .

, ----
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Table 2.7. Calculat ion of Expected Thyroid Cancer Deaths f ,or Externa' l  Exposure

Z-8

Age
Cohort

(years)

(A)

Fract ion of
Popul at i  on

(B)
Li fe

Expectancy

(yearS)

(c )
Latent
Peri  oda
(years )

( E )

F]:岳告rb
(106/rem/year)

( F )
Expected

Deaths

(F=AXDXE)

(D)
Years

at

R:sk

In utero

O-0.99

1口10

11-20

21-30

31-40

41-50

51-60

61-70

pぃ脚
0

80+

0.011

0,014

0.146

0.196

0,164

0。118

0.109

0。104

0.080

0.044

0.020

71.0

71.3

69.4

60,6

51.3

42.0

32.6

24.5

17.1

11,1

6 . 5

30

30

30

30

30

22.6

14.5

7 . 1

1 . 1

0

4 。3

4 . 3

4 . 3

4 . 3

4 . 3

4 . 3

4 . 3

4 , 3

4 . 3

4 . 3

1 . 0

1 . 9

1 . 6

1

1

1

1

1

1

1

0.181

3.58

4,05

2.12

1.53

1,06

0.648

0。244

0.021

0

10

10

10

10

10

10

10

10

10

10

×

X

X

X

×

×

X

×

X

×

L 2 . 4  ( 9 . 7 ) c

"The lat"nt per iod is that per iod of t ime between radiat ion exposure and the manifestat ion
of a cancer.

1 r"Assumes 10 percent mortal i ty.
cvalres in parentheses represent r isk est imates for occupat ional workers (ages 2A-70).  The

r isk  es t imator  (see  Tab le  2 .9 )  fo r  workers  inc ludes  cons idera t ion  o f  the  workers '  age
group ing  (es t imated  be tween 20  and 70  years ) .  The o f fs i te  popu la t ion  es t imator  i s  Sased on
the  1970 U.S.  popu la t 'on  age group d is t r ibu t ion .
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Table 2.8. Calcu' lat ion of Al l  Other Expected Cancer Deaths for External Exposure

t""- * *---ou"
Cohort

(years)

(A)

Fract ion of
Popu'lati on

(B)
Li fe

Expectancy

(yearS)

(c)
Latent^
Peri od"
(years )

( D )
Years

at

Risk

( F )
Expected

Deaths

(F=A×DXE)

( E )
Risk

Factor

(106/rem/year)

In utero

O-0.99

1-10

11‐20

21-30

31-40

41-50

51-60

61-70

71-80

80+

0,011

0.014

0。146

0.196

0.■64

0.118

0。109

0。104

0.080

0,044

03020

7■.0

71.3

69.4

60.6

51.3

42.0

32.6

24.5

17.1

11.ユ

6 . 5

0

15

15

15

15

15

15

15

15

15

15

■0

30

30

30

30

27

17.6

9 . 5

2 . 1

0

0

15

0.6

0 . 6

1

1

1

1

1

1

1

1

1.65

0.25

2.63

5。88

4.92

3.19

1.92

0.99

0.17

0

0

2L.6  (19 .5)b

aThe latent per iod is that per iod of t ime between radiat ion exposure and the manifestat ion
of a cancer.

bvulu",  in pa:"entheses represent r isk est imates for
r i sk  es t imator  (see  Tab le  2 .9 )  fo r  workers  inc ludes
grouping (est imated between 20 and 70 years).  The
the  1970 U.S.  popu la t ion  age group d is t r ibu t ion .

occupat iona l  workers  (ages  20-70) .  The
cons idera t ion  o f  the  workers '  age

of fs i te  popu ' la t ion  es t imator  i s  based on
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Table 2.9. Maximum Expected Latent Cancer Deaths
Per  i l i l l i on  Person- rem

Type of Cancer

Expected Deaths/106 Person-Rem

General Publ ic 0ccupat ional

Leukemi a
Lung
Stomach
Al imentary canal
PancreEs
Breasto
Bone
Thyroi dD
Al I  others

28.4
2 2 . 2
10 .2
3 . 4
3 . 4

25.6
6 . 9

1 3 . 4
2 r . 6

23.2
25.3
1 1 . 7
3 . 9
3 . 9

29.2
4 . 5
9 . 7

1 9 . 5

131135

aAssumes 5o
bAssumes 10
assume 100

pr-,rcent mortal i tylcase.

percent mortal i ty/case; al ' l  other types
percent mortal  i ty.

Tab le  2 .10 .  Compar ison o f  Fa ta l Cancer  R isk  Es t imators

Cancer Mortal i ty Estimators
-(deaths/106 person-rem)

NRC s ta f f  (PEIS)

BEIR,  1980b

B E I R , 1 9 7 2 C

UNSCEAR , Lg77d

"Ri rk  es t imator  used fo r  members  o f  the  pub l ic .  For
workers, a r isk est ' imator of 131 deaths/106 person-rem
was used.  Th is  va lue  accounts  fo r  worker  age-spec i f i c
Q0-7A)  rad iosens i t i v i t y .

h"Linear-quadrat ic dose-response model for abso' lute and
re la t i ve  p ro jec t ion  mode ls .  These va lues  represent
the  BEIR commi t teers  s ta te rd  bes t  es t imate .  However ,
bhe commi t tee  a lso  po in tec l  ou t  tha t  the  l inear  and pure
quadra te  e f fec ts  mode ls  a lso  f i t  observed da ta  near ly
as  we l l .  Pro jec ted  hea l th  e f fec ts  f rom those mode ls
wou ld  range f rom about  10  to  500 deaths  per  mi l l ion
person- rem.  An update  o f  BEIR,  1972 (Ref .  3 ) .

tv " l res  ob ta ined f rom Tab ler  V-4 ,  BEIR,  1980r  a re  an
update  o f  va lues  ob ta inab le  in  Tab les  3-3  and 3-4  o f
BEIR, 1972. Range attr ibutable to di f ferences between
abso lu te  and re la t i ve  p ro jec t ion  mode ls  (Ref .  1 ) .

.l-Range  o f  es t ima tes  f o r  l o l r r - dose ,  l ow-LET  rad ia t i on
( R e f .  4 ) .

1354

67-L59

115-558

75-175


